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PREFACE

This paper represents a larger study being conducted by the author at

Golden West College, Huntington Beach, California. Since several parts

here were used from almost directly that study, the p-esent paper is rather
sizable. The reader who wisﬁes to obtain the essence of the paper is invited
to skip to Chapter III, pPage 29. Furthermore, Appenaices 2 and 3 are related

to the study in that they describe some of the facilities at the Coast

Community College District that motivated the study. The reader interested

in CAIL, and CAI related research will find the materials in these two Appendices

quite interesting. Presently, there are more thac 600 CAI units of instruction

available to students at Golden West College and Orange Coast College, in the
Coast District. Inquiries should be directed to the author, at Golden West
College, or to Dr. Bernard Luskin, Office of Educational Development,

Coast

Community College District, Costa Mesa, California.
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CHAPTER T

INTRODUCTION

Problem solving has fascinated rzsearch workers for a long time.
Volumes have been written on the subject. Formal theories and rules of
thumb have been put ferth. Yet, our understanding of the process is gtill
not very clear. Aad, in an increasingly complex society such as ours,
the understanding of the problem solving process is of tantamount
importance to the education of the young. The preseat study reflects an
effort to contribute to such understanding.

This study was concerned with one facet of problem solving in

mathematics education: word-problem solving difficulty. Past research in
this area was divided into three broad categories based on the type of
predictor variables used: (a) student variables, (b) presentation
variables, mnd (c) structural variables. This study was of the third type.
In structural variables studies we assume ‘the existence of factors in
the structure of arithmetic word problems that contribute to the difficulty
level of the problems. This leads to the identification, classification,

and definition of a set of factors hereby called structural variables:

Y = {x.,xh,rxs,---,x.(}

where each x{ represents a particular structural characteristic of
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a verbal arithmetic problem. Given n problems, each problem has a

set of structural variables, thus we may rewrite the set X as:

XL:J‘lxu.}‘u."',/\‘\_S voE i, e

Examples of structural variables are the number of words in the problem,
the noun to verb ratio, and the number of different operations required
to achieve a solution.

Once the set X has been identified and defined, each element X of X,
is paired with a number aj, an element of the set A = {aopl.,"') Q,} in
such a way that a; reflects the relative importance of 24 in predicting
problem solving difficulty. Thus, if we hold all other variables
constant, a unit increase in zj will cause a relative increase of aj units.
in problem difficulty. The set A can be derived by aay number of statistical
regression techniques which fall under the category of regression. In this
study, the set A is derived by linear regression—-in particular, stepwise
linear regression.

Suppes,Hyman, and Jermaen(196G) first introduced linear regression as
a model for predicting difficulty in arithmetic problems. Subsequently,
Suppes, Loftus, and Jerman (1969), Loftus (1969). and Jerman (1971) ex-
tended this model to arithmetic word problems. The present study followed
this path elosely, adding some innovations. A major extention planned in
a more comprehensive study, of which this paper is only a part, is the
application of canonical correlation and discriminant analysis to the

response data.

STATEMENT OF THE PROBLEM

This study identified and defined 30 structural variables. Four

dependent variables (only one will be analyzed here) were derived from
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data trapped by the computer from 172 arithmetic word problems presented
to and scived by junior college students on IBM 2741 computer terminals,
The structural and dependent variables were combined into a stepwise re-
gression analysis in order to predict problem solving difficulty.
The objective of this study was to:
a. determine a set of weighs to be assigned to set X, and to
determine the order of importance of the elements in X;

b. analyze the goodness of the fit of rhe model by using

F and Chi-squared tests.

SIGNIFICANCE OF STUDY

In California, as well as i; many other gtates, the junior college
typifies the ideal in American education--free ecucation for all. The re-
sult of this precept of the junior college, known as the open door policy is
a widely diversified student population. The most outstanding diversity
is the academic background of the student population.

The mathematics curriculum at the junior college reflects this
diversity by offering courses which range from sixth-grade arithmetic to
fourth semester calculus; from mathematics for prospective elementary
school teachers to probability and statistics; and from "tech math" to
computer programming and elementary numerical analysis.

These students, indeed, have individual differences. Besides the

"usual" individual differences they share with their university peers
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(such as I.Q., attitude, and eocio-economic background) junior collzge
students differ in past and present academic performance. Whereas one
student does B work in second semester calculue, another struggles
through grade-school arithmetic--having difficulty with. problems such as:
"27 is what percent of 307"

This study dealt with the latter type of students; for of all the
subpopulations, as divided by the junior college mathematics curriculum,
those enrolled in the arithmetic course are perhaps the most pedagogically
curious. This set of students is separated from the rsst by a score of
four of less on the mathematics part of the SCAT*. Such a score implies
that after twelve years of formal schooling these students cannot perform
at a sixth-grade level of mathematics, or, at the very best, seventh-grade
level nathematics,

In the Coast Community College District, where this study was con-
ducted, and at other jwnior colleges, a minimum proficiency in arithmetic
(SCAT score 4 at Coast) is required for the attainment of the Associate
of Arts Degree. Thus, these students are forced through yet another try
at arithmetic--an experience which is Jsually relished neither by them,
nor by even the most concerned and conscientious of mathematics faculties.
This problem, well known to secondary school and junior college mathematics
educators, has recently come under scrutiny of the Mathematical Association

of America, an organization of professional mathemticians heretofore in-

* School and College Achievemeut Test, The norms used for arriving at
the cut-off score of four are local., Junior college students at Orange
Coast College, Costa Mesa, California, were used to establish these norms,
For national norms a score of four is equivalent to the 23 percentile.
SCAT scores range from O to 10.

b
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terested solely in the college and college preparatory mathematics
curriculum, In a recent publication of the MAA's Committee of the
Undergraduate Program in Mathematics (CUPM)* a panei of mathematicians
described the problem as follows:

Many students in basic mathematics courses have seen this subject
matter in elementary and high school without apparent success in
learning it there. It is often the case that a second exposure to
essentially the same material similarly organized, is no more successg-
ful even though an attempt is sometimes made to present the subject
in a more "modem" manner.

There are certainly many complex reasons for this state of affairs.
Some of these may be psychological and sociological and may require
the work of learning theorists and others trained in the social sciences
in order to lessen their influence..,. Nonetheless, we believe that it
deserves very serious consideration by the mathematical community and

hope that many different kinds of institutions will find our suggestions,
vholly or in part, of good use when dealing with the type of students

described.

The committee's reference to a "modern" manner is obviously directed
to the "new math" movement, which has not been as successful with low
achievers in mathematics as it has with the more mathematically talented
students. However, the committee's jab at novelty of presentation goes
beyond the modern math movement. For instance, much effort has recently
been placed in multimedia approaches to learning. Schools are presenting
segments and whole courses through such media as video-tapes, audio-tapes,
sound-on-slides, computer-assisted instruction, and combinations of these.
The guiding principle behind this effort is the individualization of in-
struction--a striving toward that seemingly magical, Socratic ratio of one--
to~one: one student to one teacher. Though it is logical for educators to

use the fruits of technology to try to improve learning, it is not logical

* Boas, Ralph (Ed.), "A Course in Basic Mathematics for Colleges,"
CUPM, 1971.

-5-
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that they expect learning will indeed be improved. Unfortunately, educators
do not, or do not want to recognize this simple fact; topics students find
difficult in the classroom environment are the same ones they find difficult
in the environment of other media (Fey, 1969).

The apparent failure of these innovative methods to improve instruction
significantly cannot be blamed on any single characteristic. But one fault
in the system presently is that the curriculum has not been properly adapted
to the media. If an innovator uses the standard textbook curriculum in the
new, innovative media, he cannot really expect improvement of instruction.

Groen and Atkinson (1966) called for such adaptations by offering,
among others, a Dynamic Programming approach that may be used to predict the
optimum time for the presentation of a new topic during a CAI segment of
instruction. Suppes, Loftus and Jerman (1969), by virtue of conducting
problem solving experiments in a CAI mode, also called for the adaptation
of curricula to media. The fact that such approaches may tend to be readily
labelled as esoteric by "practical® educators does not deny the fact that
their use is sorely needed,

Three factors contribute to the significance of the present investigation.
First, a pedagogical problem exists in the junior collage mathematics
program. Second, the writer has found that for the students involved,
problem solving in the form of word problems is a difficult and frustrating
topic. No effort known to this writer has been made to study problem-solving
difficulty at the junior college level using the structural variables approach.
Third, greater emphasis is being placed today on computer-assisted instruction
(CAI) as exemplified by the Coast Community College District where this study

will be conducted.
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LIMITATIONS OF THE STUDY

This study was conducted totally in the computer-assisted instruction
(CAI) mode. Subjects were presented the problems for solution via IBM
2741 computer terminals. Responses, as well as computations, were made
only through the temrminals, thus, subjects' computational skills were
controlled heavily. By the same token, errors unique to CAIL were introduced.
The most common errors were typographical, and even though they usually did
not affect the correctness of the solution they did increase student's
latency of response.

The subjects included the entire (and only) arithmetic class conducted
during the Fall semester of 1971 at Golden West College, Huntington Beach,
California. Students enrolled in this class scored lower than four on the
SCAT test and were required to take the class in order to achieve a minimum
proficiency level in arithmetic--compulsory for the Associate of Arts degree.

This was a singular group, and randomization of subjects within this
group would, of ccurse, have made for a "tighter" experiment. Unfortunately,
the small number of students starting the course (62) did not allow for
this procedure. However, randomization of subjects was not as crucial to
this study as it might be for other experiments.

The word problems in this study were limited to a level of
sophistication not greater than ninth grade arithmetic The crucial
limitations lie here, with the problem set; its make-up, selection, and
presentation. Ideally, the experimenter should be able to present problems
to subjects in such a way that variables increase in a uniform manner. This

suggests that variables need to be analyzed individually. For example, to
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rest the effects of the variable  Hioy b res 1. verb to noun ratfo the
experimenter cught to have a set ot probilems dvailable thar steadily Increases
the ratio along a ¢ atinunm il liolding the other structural variables
constant--an impossible task since the variables ace not independent. An
increase in the verb-noun raiio forces an increase in the number of words in
the problem.

In view of this dilemma, and to avoid dealing with an enormously large
set of problems, the 172 problems were randomized for »sresentation to subjects.
In constructing the problems, the writer cried to allow the variables to

take on diversified values in their domain of definition.
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REVIEV OF THE LITERATURE

The set X of variables used in the present study reflects the

|

results of these studies by including either the same variables thereof

, proved to be important or modified vecsions and combination of those

A

variables. In this chapter the names of these variables will be capitalized

and uaderlined.

e

Steffe (1967) explored the effect of using existentiai quantifiers at
the beginning of problems, and the use of commen versus different names for

the elements of sets under corsideration for problem solving presented to

T

ninety first graders. lle found only the latter variable statistically
significant in affecting the correctness of response. FYor example, a word
problem which requires arithmetic operations to be performed with feet and
inches is considerably more difficult to solve than one which involves only
inches or only feet. The implication here is that a CONVERSION variable
should be included in the set X.

A superficial, yet logical variable to consider is the length (number
of words) of a verbal problem. One can assume that longer problems in
arithmetic are more difficult than short ones. Kilpatrick (1960) verified
this assumption and found that the length of a problem was more significant
in predicting difficulty in problem solving than vo:abulary or length of

sentences. Further evidence of the importance of this variable is given in

i e
]




language studies by Braun-Lamesh (1962), Ervin (196%), and Miller and

Ervin (1963). A ratural extension of this variable as used in this study
is LENGIH as measured by the numher of letters in a word problem. Future
studies migiht also include the number of syllables as an indication of
length. To use all three, or even two of these variables in the same study
would be redundant since their correlation is very high.

Burns and Yonally (1964) have shown that, for fifth graders, the sequence,
or ORDER in which rhe data appears in a verbal picblem is important.
Problems where the data appeared in the problem ir the same order as they
wvere reeded to achieve ihe correct solution were found to be significantly
easier to solve :han'problems where the data did net appear in the needed
sequence. Rosenthal zud Resnick (1971) concurred with and strengthened the
above results by showing that when data appears in the reverse order as

; needed for solution, the problem zchieves maximum disificulty.

The VERBAL CLUE variable, and clue variables in general have had strong

———

support from structural variables researchers. Clues in mathematical word

problems seem to be a favorite topic for research. These studies offer

ERA

diversified results, however, as a result of various types of clues being
; employed in the presentation of word problems for solution.
:
Wright (1968) found strong support for verbal clues in arithmetic word
problems for 382 fifth-grade children. Both correct answers and correct
process in the pursuit of an answer were heavily affected by the presence

or absence of verbal clues. Early (1967}, as well, found similar results

with 296 sixth-grade pupils. The subjects, when considered as a whole,

performed better in selecting correct answers and correct procedures in
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solving the word problems that contained verbsl clues; but in some
subgroups, e.g. nigh performers in ability tests and thcose of average
computational ability, word clues 3id not impreve performance. Farly found,
however, that the most significant differences occwrred for children of
lower ability.

In related research, Lee (1971) showed that "visuelly presented cues
are effective for the acquisition of a rule rather than for transfer.”
Visual clues combined with 2 weight clue allowed fourth-graders to acquire
the concept of the coefficient rule (a F = S) of a linesr function
significantly faster. However, clues did not help orn the learning of the
totel lineer function (aF + C = §).

Sherrill (1970), also on visbial clues, found that the "effect of
presenting an accurate pictorial representation as an aid in a testing
situation was so strong that the low grade average group...scored higher
than any grade average group..."

These convincing results are not without blemish. For verbal clues
especially, the fly in the ointment is controversy. What constitutes a
verbal clue? Arriving at a sound definition of a verbal clue is difficult,
since there are many exceptions tc most definitions. One way around the
problem is to list the set of terms which are considered verbal clues.
Jerman (1971), and Suppes, Loftus, and Jerman (1969), dié precisely this and
the practice has been adopted in this study as well.

Pursuing the verbal clue variable further leads ‘t0 another variable.
One soon discovers that words used as clues, and even throse commonly regarded

as strong clues, e.g. the words "sum" and "total" can be misleading at times.

..ll...




Consider the problem statement: "Mhe sum af Georpe's prades is 32C. What
grede must he receive on his next tesi io brivg his total to kOO Here the
words "sum" end "total" imply addilion vel the preblem is solved by subtraction.

Suydem and Weaver (1970) warned researcher of the pessibility of

o TR T T T

"grossly misleading" clues. £ structural variable that will take up this
) slack is introduced and called the DISTRACTOR variablie.
o g The difficulty of mathematics word problems is as much a function of
linguistic complexity as it is of 2ny sirgle other variable. By its very
nature, a word problem is a problem in communication. Students who solve a
problem unsuccessfully often do not know what is wanted. Upon seeing the
) correct solution, typically these students will remark: "Is that what he
wanted?"
Has the problem writer failed *o communicate, or has the problem solver
: failed to receive properly? The answer to this question must certainly be
complex~-yet it seems logical to assume that a failure in communication is

; most likely to occur if a problem is linguistically complex rather that

simple.

Research seems to bear this out. Linville (1969) found that scores of
} 408 fourth graders on verbal arithmetic problems were significantly higher
on test items with easy vocabulary and/ or easy syntax. He also found that
i high intelligence and high reading achievers scored better that low
intelligence and low reading achievers. This suggests that the breakdown in
{ communication lies on the side of the problem solver; i.e. successful problem

solvers seem to cut through the "noise" and get to the problem situation

more easily than poor problem solvers. Assuming, of course, that if the

Q ~12-
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subjects knows what is wanted he can £et the correct answer.

Further evidence on the importance of reading aeility to problem solving
in methematics was offere: by Cottrell (1067). He round arithmetic
achievement and reading achievement to have a correlation coefficient of
.860. Harvin and Gilchrist (1970}, as well, found positive relationships
between problem solving in arithmetic and reading. They concluded, rather
interestingly, that arithmetic teachers should teach certain reading skills
as We;l as arithmetic skills.

From the structural variables point of view the researcher would like
to know what it is sbout language that makes students stumble when reading
a word problem.

The 2nalysis of language end its complexity is the endeavor of the
fields of Linguistics and Psycholinguistics. These prolific researchers
have already produced mezningful results. ce

From these researchers the DEPTH varieble is drawn. Yngve (1960)
proposed a model for sentence analysis which breaks a sentence down into
its constituent parts by using a binary rewrite rule. # sentence is thus
diegremmed as a binary "tree". The starting node represents the entire
sentence while ending nodes represent each word in the sentence.

For example, the sentence "The last problem is alwvays too hard" can be

broken down as follows:

The last problem is always too hard

The last pfagiém is ;E;Eyg—too hard
_,./\\ //\‘\
/‘/ \\\\ »’/’, \\\

The last problem is alwayﬁ/gpo hard

| TN

{ always too hard
| \\ i /\\ \
Tke last problem is always tovo hard
(2) (2) (1) (1) (2) (1) (0)

-13-
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The numbers beneath each word ere celled "Yngve numbers” and indicate
the depth of imbeddedness of the word in that sentence. This depth is
neasured by the number of nodes (sentence constituents) the reader must keep
in his short-term memory when he is considering that word. In the exemple,
for the word "last", the reader must use his shori-term memory to recall
that "last" preceded (and perteined to) the noun "problen" and the verb
phrase "is always too hard,” thus "last" has a depth of two. Conversely,
upon focusing his attention on the word "last", the reader (or listener) has
come to expect (because of our language habits) an noun and a predicate to
follow. Martin and Roberts (1966), have shown using ¥ngve numbers, that any
variations from these unwritten constraints "significantly affects sentence
retention in the free learning situation.”

As a rule of thumb, the Yngve number of a word in a sentence can be
derived easily by counting the number of left branches in the binary tree
beginning with the uppermost node and ending at the word.

Yngve applied his model to algebraic sentences guite successfully.

This success was due to the consistency of mathematical language. When he
extended it to the English language, however, the model turned out to be
less than perfect--because of the well known inconsistency of the English
language.

With this limitation noted, researcher use %he Yngve "metric" for
measuring the linguistic complexity of the sentences of a word problem as d4id
Loftus (1969), who pioneered the use of Yngve numbers in problem solving
research. Some measure of sentence complexity is better than none. To shore

up the Yngve model with some statistical sandbags the experimenter and

-14-




Miss Alice Anderton, a graduate student in Linguistics at UCLA independently

assigned Yngve numbers to the word problems used in the study. The
correlation coefficient between the two vectors was .76.

In language studies there is an abundance of interesting experimental
results as yet untapped by structural variabies studies researchers. Consider,
for example, measuring the "richness" of & sentence (Bruno, 1972) by using
the ratio of the number of adjectives to the number of nouns. By reversing this

variable, we get the NOUNS TO ADJECTIVES ratio used in this study. Inherently,a

sentence with a high nouns to adjectives ratio is rather barren of
description, and, therefore, harder to understand. No studies are offered
to support or dispute this conjecture because apparently none have been
conducted in mathematics problem solving. This type of variable should not
only be used, but extended. Bruno (1972), in analyzing the poctic style of
German poetry used other linguistic structural variebles as well as the
adjective to noun ratio. Some of these have been adopted in this study.

Among these are the adverdb to noun ratio, NOUN TO ADVERB; the number of verbs,

VERBS; and the number of adverbs, ADVERB.

The role MEMORY plays in problem solving and learning in general has
been explored rather thoroughly. Not all results have shown significant
correletion between memory and problem solving. However, there seems to be
some relationship between the two--especially b¢ tween short-term memory (STM)
and problem solving (Sieber, Kameya, and Paulson, 1969; Whimbey, 1968, 1970;
Weir, 1965). Interviews with experienced mathematics teachers have sub-
stantiated this relationship. These teachers agreed that students able to

recall a formula by memory generally have an advantage, during problem solving
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and class discussion, over the ones who cannot recall the formula.

Returning now to the memory variable, one can include memory as a
variable in set X being careful to define it in a structural variable sense
not as a subject-oriented variable.

Several structural variables studies which analyzad problem solving
difficulty for problems presented and solved in computer-assisted instruction
mode (CAI) were conducted at Stanford University by Professor Patrick Suppes
and associsates.

In Suppes, Hymen, and Jerman (1966), and Suppes, Jerman and Brian (1968),
the authors developed and appl ed the theory of multiple linear regression
to the problem of predicting problem-solving difficulty and latency of response.
Several analyses were conducted on data trapped by the computer on CAI drill-
and-practice exercises presented to 270 subjects composed of third, fourth,
fifth, and sixth graders. The data analyzed were from problems in addition,
subtraction, and multiplication.

The structurel variables used in the analysis of addition problems were
MAGSUM (the magnitude of the sum), MAGSMALL (the magnitude of the smallest
addend), and NSTEPS, itself the sum of the three sub-variables: TRANSFORMATIONS,
OPERATIONS, and MEMORY. A detailed explanation of the relationships between
these variables and their definitions is not in place here. Enough
be said that a specific algorithm, wall explained in the study, was used
to obtain the values of the subvariables, and thus, the value of NSTEPS.

The analysis of subtraction problems involved three variables: MAGDIF
(magnitude of the d@ifference), MAGSUM (magnitude of the subtrahend) and NSTEPS

(same as in the addition problems).

. . N e
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In both analyses NSTEPS was by far the most significant variable for
predicting percent of errors and success latency. The ranges of R2 for the
various populations were .16 to .74 for the proportion of errors and .19 to
.Th for success latency. Thus in many cases the model, using only three
variables, explained problem solving difficuly for addition and subtraction
problems quite well.
by In two enalyses on multiplication problems the varisbles used were LARGER

(magnitude of the larger factor), SMALLER (magnitude of the smaller factor),
1 and three zero-one variables reflecting the mutually exclusive forms:
@xb=__,ax__ =c,or __xb=cof the miltiplication problem (these
0, 1 variables were used only in the first multiplication analysis). The
most important variables were found to be, respectively: the zero-one
variable reflecting the form a x b = ___»> and SMALLER. Consequently,
f multiplication problems of the type 2 x b = ____ are more difficult (for
| fourth graders at least) than the othér two forms; and, given two problems
j of this form, the one with the larger smaller factor will tend to have a
longer response time. For example, 3 x 7 = _» according to Suppes, is
more difficult than 2 x 8 = |

In reaching for a finer grained analysis, the experimenters broke up
the NSTEPS variable into its three component sub-variables: TRANSFORMATIONS,
OPERATIONS, and MEMORY, and applied the regression equation to 80 fourth-grade

addition problems. The order of importance of these variables was MEMORY ,

TRANSFORMATIONS, and OPERATIONS. Further refinement brought the MEMORY
variable together with 0y (the number of addition operations), and 02 (the

number of subtraction operations) in the analysis of 19 more problems. Results

...17_.
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showed the MEMORY variable again wes more important than the other variables.
These results support the earlier remarks on the MEMORY variable (page )
and have led the researcher to, adopt this variable in this study.
These pioneering studies by Professor Suppes and his associates have had

a doctrinally, far-reaching effect on subsequent structural variables
investigations. In addition to the theory, structural variables studies

i concerned with the analysis of mathematics word problems have adopted most of
the variables. The implications for the present investigation was to adopt a

modified form of the original variables. These are: STEPS, MEMORY, NUMBER

TYPE, and OPERATIONS.

In presenting the model under discussion at the Conference on Needed
Research in Mathematics Education, held on the campus of the University of
Georgia, Suppes (1967), attracted comments from three leading researchers:
; Ralph T. Heimer, Jack E. Forbes, and Joseph M. Scandura. The.interested

reader should consult the report of the conference in order to place the
i linear regression model as applied to structural variables studies in its
proper perspective in the field of research in mathematics education.

The first structural variables study to analyze data accumulated from
mathematics word problems presented and solved in computer-assisted
instruction mode was conducted as Stanford University (Suppes, Loftus, and
Jerman, 1969).

Twenty-seven above average fifth graders solved 68 word prcblems of
sixth grade difficulty on ten commercially available teletype machines
connected by private telephone wires to a PDP-1 computer at the Institute for

Mathematical Studies in the Social Sciences.
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The intent of the experiment was to extend the previously defined. and
herein discussed, linear regression model (Suppes, 1966), to the realm of
word problems in an effort to single out factors that contribute to the
difficulty of such problems.

The variables used were of two types: 'zero-one" variables and
"continuous" variables. The first set contained the variables: SEQUENTIAL
(the problem could or could not be solved by exactly the same steps and
operations as the problem immediately preceding it), VERBAL CLUE (the problem
did or did not contain all the verbal clues corresponding to the required
operations), and CONVERSION (the solution did or did not call for the
conversion of units). The second set contained the variables OPERATIONS (the
minimun number of different operations* required to achieve the correct
solution), STEPS (the minimum number of steps required to achieve the correct
solution), and LENGTH (the number of words in a problem).

The multiple linear regression equation obtained was:

Zi = —7.36 + '87Xil + .18}(12 + .02}(13 + 2.l3xih + .26Xis + l.h?Xis

4

¥ The value of this variable can be misleading. Consider the problem:

"To have passed his history class, Ralph needed at least 300 points. By how
many points did he miss passing if his scores were T8, 56, Lk, and 897" By
definition, the value of the OPERATIONS variable is 1 (300 - 78 - 56 - Lk - 89),
However, the more "usual" solution requires two operations: 300 -

(78 + 56 + Lk + 89). Suppes comments on this point but does not state which
value he would use: 1 or 2 (see page for the resolution of this dilemma

in this study).




with three significant variables: SEQUENTIAL = X}, CONVERSION = Xg»
and OPERATIONS = Xy in their respective order of importance.
The variables STEPS = X5 LENGIH = X35 and VERBAL CLUE = x5 did
not contribute significantly to R?, The model explained about h5%
of the variance (R = .67) and had a Chi-squared value of 555.76,
indicating a rather poor fit.

The contribution of this study was not its ability to explain
word problem difficulty, for both R2 and Chi-squared were by far not
acceptable. Rather, this was the first step toward an organized branch
of research in mathematics word-problem solving. As shown later, both
R2 and Chi-squared will improve in succeeding studies. However, an
unsatisfactory amount of variance will still e left unexplained.
Perhaps, as the experimenters themselves admit "...nothing short of a
full syntactic and semantic analysis will suffice to predict all the
details that must be accounted for in the behavior of students."(page 14).

Loftus (1970) tried to capture at least one facet of the
syntactic structure of the sentences in word probiems—-the surface
structure®--measured by the DEPTH variable (see page ). This
measure, though admittedly crude was a step in the right direction.
For it is intuitively clear that the linguistic structure of a sentence
is important to its understanding; as Professor Suppes conjectured,

linguistic analysis in mathematics education research is essential

for the advancement of the science on the word problem solving front.

* A sentence may also be measured by a "deep" structure analysis. In
this approach the sentence is subjected to defined linguistic
transformations that will reduce it to a standard format. A measure
of the number of tranformations becomes the index of the depth of the
sentence,

-20-




P —Y

-

Besides the DEPTH variable, Loftus used the ORDER veriable

(see page ). These two, in conJunction with the six veriables
used in the Suppes et al., brought the total number to eight: X =

OPERATIONS; x, = STEPS; x3 = LENGTH; X), = DEPTH; x. = SEQUENTIAL;

2
Xg = VERBAL CLUE; x

5

= ORDER; and x, = CONVERSION.

7 8
Sixteen sixth-grade students from two "depressed" area schools
completed the study (nc indication is given on how many began). The
average sixth-grade I.Q. was 93 in one school and 99 in the other.
The students solved 100 word problems of appropriate sixth-grade
difficulty after a practice period of four weeks working with

computer teletypes (students at one school took longer). The

regression equation was:

=z - . ) $ .
z; 3.2k + ABxgq 4+ -Obx, , *.02xi3 + .88x.ih + .61x15 + .20x;¢

+ .l3xi7 + .h9xi8

with R2 = .70 and Chi-squared = 206.T4. Thus, though the amount of
variance accounted for was respectable, the fit of the model was rather
poor. Table' 2.1 compares the results of this study with those of

Suppes et al.

Note that the robustness of the variables OPERATIONS and SEQUEN-
TIAL--especially in light of the fact that the subjects in the former
study were bright and the ones in the latter were average-- was quite
good. The emergence of robust variables is clearly of tantamount

importance if practitioners of education are to be helped by this

e



TABLE 2.1

Comparison of the importunce* of variables in the studies
on word-problem solving difficulty by Suppes, Loftus, and
Jermen (1969), and Loftus (1970).

Suppes, and others (1969) ORDER OF Loftus (1970)
IMPORTANCE
VARIABLES VARIABLES

SEQUENTIAL 1 SEQUENTIAL
' CONVERSION 2 OPERATIONS
i
, OPERATIONS 3 DEPTH
? VERBAL CLUE b LENGTH
g STEPS 5 CONVERSION
; LENTGH 6 VERBAL CLUE
|
, 7 ORDER
. 8 STEPS
1

4 1 ¥ 1In the 1969 study importance was seemingly taken to correspond to the

|

i the magnitude of the regression coefficients. In the 1970, the size of
the vartial correlation coefficient was used as an index ¢f importance.
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type of research. This is not to say that applicability should dictate
the path of research.

The reader is cautioned not to allow the apparent robustness
to lead him to false conclusions. These are the results of Just two studies;
the first did not make clear how the importance of the variables was
defined, and the second, assuming the partial correlation coefficient is
a valid measure of importance, was limited to only 16 subjects.

Further evidence of the robustness of the variable OPERATIONS, and
the appearance of new variables high on the ladder of importance was
found in a follow-up study by Jerman (1971). Jerman re-analyzed the data
in the Suppes, Loftus, and Jerman (1969) study with a larger set of
predictor variables (21). The following new variables were added (underlined

variables have been adopted in the present study):

OPERATIONS 2: The sum of the number of different operations, and
4 if one of the operations is division,
2 if one of the operations is multiplication,
1 if one of the operations is zddition.

ORDER 2: The sum of Sy and one point for each verbal clue
necessary to establish a new order.

FORMULA: Has value 1 if knowledge of a formula is required,
zero otherwise.

AVERAGE: Has value 1 if the word average appears in the
problem statement; zero otherwise.

ADDITION:Has value 1 if the problem requires addition,
zero otherwise,

SUBTRACTION: Similar to addition.

MULTIPLICATION: Similar to addition.




-

DIVISION: Similar to addition.

S,: Measures the number of dis lacements of order of operations
1 .
in successive problems.

SQ: {easures the number of displacements between order of
operations required and that given in the problen
statement jitself.

RECALL: The sum of:
(a) formulas needed,
(b) steps in each formula,
(c) conversions to be used,
() facts recalled and used from previous problens.

After some adroit, but artificial manipulation of variables and
dete, Jerman arrived at the results summrized in Table 2.2. We find,
there, more support for the variable OPERATIONS, and new support for
LENGTH, DIVISION, 82, and CONVERSION.

A second tesk pursued by Jerman et al., was to compare the
importance of structural variables. for the problems presented in CAI
versus paper-and-pencil mode. Even though this study does not deal with
the problem in depth*, the results are very interesting. This analysis
is displayed in Table 2.3 . There is a definite trend of importance
for the variables that reflect computational skill, in the paper-and-
pencil mode of solution. However, the variable LENGTH is also high
for both modes. In a subsequent, unpublished paper, which Professor
Jerman was kind enough to send to the author, a different criterion of

importance was used to rank the variables (amount of variance contributed

¥ Jerman candidly warns readers that the comparisons may not be valid.
Amcng some questions one may raise are the proper use of the SEQUENTIAL
variable. Also, three problems with large Chi-squared values were re-
moved from the problem set; and, the problem set of the paper-and-pencil
group was not the same as that of the CAI group, and for that matter,
neither were the subjects the same in both groups.
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Importance of two sets of structural variables

TABLE 2.2

using

stepwise regression analysis on 65 arithmetic problems

( Jerman, 1971 )

RESULTS WITE ORDER OF RESULTS WITH
16 VARIABLES APPEARANCE 21 VARIABLES
OPERATIONS 1 OPERATIONS
VERBAL CLUE 2 CONVERSIONS
DIVISION 3 LENGTH
LENGTH 4 ORDER 2
FORMULA 5 DIVISION

Sl 6 82
CONVERSION 7 ORDER

S, 8 MEMORY
Other variables 9 DISTRACTORS
Other variables 10 Other variables




TABLE 2.3

Comparison of the importance of structural variablés in
predicting word-problem solving difficulty for problems
solved in CAI versus paper-and-pencil mode using 65 CAI
; problems, 30 paper-and-pencil problems,-and 19 ‘variables

i CAI MODE ORDER OF PAPER-AND
IMPORTANCE PENCIL MODE
f
OPERATTONS 2 1 LENTGH
‘ LENTGH 2 NOMC2*
i
: ORDER 2 3 QUOTTENT*
f RECALL L DISTRACTOR*
:
*
l s, 5 COLC2
| .56 R .87

. * These are computational variables introduced especially because

% these subjects had to perform their own computations. Briefly, NOMC2
measures regroupings in multiplications, QUOTIENT measures the number
of digits in division, COLC2 measures iie number of columns and

‘ regroupings in addition and subtraction problems,

-26~

al




to the total varience). For this criterion of importance, the CAI variables
were ranked, respectively: OPERATIONS 2, CONVERSIONS, LENGTH, ORDER 2, and
DIVISION. Whereby the paper-and-pencil variables were ranked, respectively:
MULTIPLICATION (NOMC2), DIVISION (QUOTIENT), LENGTH, and DISTRACTORS.
These new results strenghten the above conclusions regarding the computational
variables,

The large amount of variance accounted for (.87) in the Jerman study
for paper-and pencil mode must be looked at in the light of the ratio of
variables to problems. Statisticians warn that if this ratio is allowed
to approach one, then the dimension of the rank space approaches the number
of variables, and the regression approaches a urique solution with R = 1.
Indeed, one may solve a set of simultaneous equations in this case, where
the sum of squres is zero. The ratio for the paper-and-pencil mode was 1.6,
and that of the CAI mode was 3.42. This, more than the effect of the
variables may be the reason for the high R2 value in the paper-and-pencil mode.

Along these same lines, the study by Loftus(1970), with a ratio of 12.5 is

least open to this type of criticism--including the present study, which
f has a ratio of 5.7.
‘ This chapter closes ‘with a look to future research on structural
variables studies. More of these studies will be emanating from Professor
Suppes at Stanford University, and Professor Jerman, now at the Pennsylvania
State University. Suppes is presently running a more comprehensive study,
while Jerman has revised his 1971 study in an unpublished report by
Jerman and Rees. Ongoing studies at Penn State include: " Linguistic
Variables in Verbal Arithmetic Problems," by Ed Beardslee; "Arithmetic,
Linguistic, and Algebraic Structural Variables That Contribute to Problem

Solving Difficulty of Word Problems in Algebra,"” by Blair Cook; "Predicting
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the Relative Difficulty of Problem-Solving Exercises in Arithmetic.," by

Mex Jerman; and "Structural Variables in Problem Solving Exercises Solved
by Prospective Elementary School Teachers," by Max Jerman and Sanford M&ram.
All these studies, as well as the ones reviewed in this paper, approach
problem solving difficulty by examining the structure of the word problem.
All basically assume that structural variables have the ability to pre-
dict difficulty and latency of response. There is no reason to doubt, at
this time, taht this assumption is incorrect; for amidst the variety of
variables and approaches there has been a visible thread of consistency.
Much work needs to be done, however, to wean this young branch of research

into maturity.




 errma $

CHAPTER III

DEFINITION OF VARIABLES AND THEORETICAL CONSTRUCTION

This section is used to define the structural variables and the
dependent variables and develop the notation needed for applying three
statistical models to the analysis of the data collected. We begin with
the dependent variables.

Part of the APL/360 software package written exclusively for this
study is described in Appendix2. The functions in this software package
were designed to present the problems to each subject and trap and save
response data. The following dependent variables were chosen from the

response data as being representative of problem solving difficulty:

Pj = PERCENT CORRECT: (the only one used in this paper), measures the

percent of correct responses for problem i.
1i = LATENCY: measures the average number of seconds used by the
experimental group to arrive at an answer for problem i.

t. = SUCCESS LATENCY: measures the average number of seconds used

by that subset of the experimental group that arrived at the
correct answer for problem 1.
s; = STEPS: measures the average number of steps used by the experi-

mental group to arrive at a solution for problem 1i.

Consideration is now given to the task of defining the structural
variables -- the independent variables of this study. Thirty variables

were selected on the basis of proved importance in previous studies and




conjectured importance based on surveys with junior college mathema-

tics students and teachers. Before proceeding, however, it should be
mentioned that the variables SUPERFLUOUS DATA and MISSING DATA were

not discussed in the review of the literature. But they are included

as variables in this study. The author apologizes for this oversight

in the present paper, and assures the reader that in the dissertation

in progress, of which this paper is only a part, these variables will

be given their proper due. One can intuitively see, however, that these
variables, especially MISSING DATA, play an important part in the ‘problem
solving process. Other variables not specifically mentioned in the

review of literature chapter are derivatives of reviewd variables.

The set X of structural variables contained the following elements:
Xy = OPERATIONS: The minimum number of different operations required
to achieve the correct solution, plus:
1 if at least one addition is required,
2 if at least one subtraction is required,
3 if at least one multiplication is required, and
4 if at least one division is required.

Range of X4 = (2, 3, 4, *°°, 14)

Xz = DIVISION: The minimum number of times division needs to be used
in order to achieve the correct solution.

Range of X3 = (0, 1, 2, 3, ---, n)




|

X3 = HIERAKCHY: has value 16,8,4,0r 2, respectively as the first
operation required to achieve the correct solution is division,
multiplication, subtraction, or addition.

Range of X, = (2,4,8,16)

X4 = STEPS: the minimum number of steps (or binary operations)
required to achieve the correct solution.

Range of Xy = (1, 2,3, ..., n)

o -

X5 = LENGTH: the total number of letters and digits in the problem.

Range of Xg = (1, 2, 3, ... , n)

X, = DEPTH 1: the sum of the Yngve numbers of all words in the problem.

Range of xg = (1, 2, 3, ... , n)

X7 = DEPTH 2: the value of Xg divided by the total number of words

in the problem.

Range of x5 = ( rational numbers between 0 and 4)

Xg = VERBS: the number of verbs in the problem.

Range of xg = (1, 2, 3, ... , n)

X9 = ADJECTIVES: the number of adjectives in the problem,

Range of x9 = (0, 1, 2, 3, ... , n)
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Range

Range

X12 =

Range

Range

X14 =

Range

NOUNS: The number of nouns in the problem.

of X10= (1,2,3, ..., n)

= ADVERBS: The number of adverbs and adverbial clauses

in the problem statement.

of X171 = {0,1,2, ..., n)

PRONOUNS: The number of pronouns in the problem
stétement.

of X12 = (0,1,2, ..., n)

NOUN TO VERB RATIO: Measures "inverse assertions"

by the ratio Xwo/X: = number of nouns/number of verbs.

of X13 = (positive rational numbers less than 5)

NOUN TO ADJECTIVE RATIO: Measures the inverse of the

“richness" of the problem statement by the ratio Xi/Xa =
number of nouns/number of adjectives.

of X14 = (positive rational numbers less than 10)
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15 PRONOUN TO NOUN RATIO: Measures the amount of

"indirectness" in the problem statement by the ratio
X12 /X0 = number of pronouns/number of nouns.

Range of X;5 = (positive rational numbers less than 10)

X16 = VERB TO ADVERB RATIO: Measures the inverse of "modification"

in the problem statement by the ratio X8/X11 = number of

verbs/number of adverbs.

Range of Xjg = (positive rational numbers less than 10)

X17 = SEQUENTIAL: Has value one if the problem does not follow
a problem that is mathematically equivalent to it, i.e., the
problem cannot be solved in exactly the same manner as
the preceding problem. The value of X17 is zero other-
wise,

Range of X317 = (0,1)

X18 = ORDER 1: Has value zero if the numbers in the statement
of the problem appear in exactly the same order as they
are needed for solving the problem, i.e., if they appear in the
order customarily prescribed by X4; one otherwise.

Range of X1g,= (0,1)
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X19 =

Range

X0 =

Range

X31 =

Range

22

ORDER 2: The minimum number of permutations required

to change the sequence of the numbers in the statement

of the problem to the sequence customarily required

by X3. A number missing from the statement of the
problem is inserted into the solution sequence increasing
X;9 by one.

of X39 = (0,1,2, ..., n)

VERBAL CLUE 1: Has value zero if the problem has at

least one word that is customarily associated with one
of the four basic aritimetic operations —- and that
operation is required in order to solve the problem:
otherwise, the value of X920 is one. Since this variable
1s questionable well defined, we include in Appendix ,

the words considered verbal clues in this study.

of Xzo = (0,1)

VERBAL CLUE 2: Measures the number of verbal clues

missing from the problem statement.

of Xy = (0,1,2, ..., n)

DISTRACTOR: Measures the number of words in the

problem -- usually considered verbal clues —- that
are misleading clues. Thus, if the word "sum" appears in
~34=
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Range

Range

Range

Range

X26 =

Range

the problem statement and it does not refer to an
addition operation then X929 is increased by one.

of X99 = (031,2, ceey N)

SUPERFLUOUS DATA: Has value one or zero, respectively
as the problem statement does or does not contain data
irrelevant to the solution of the problem.

of X23 = (0,1)

MISSING DATA: Has value one if the problem solver
himself needs to enter data necessary to the solution

of the problem.

of X94 = (0,1)

REUSED DATA: Has value one if any numbers in the problem

Statement must be used more than once in arriving at the
solution; zero otherwise.

of X25 = (0,1)

NUMBER TYPE 1: Has value one if more thian 25% of the

numbers involved in the solution of the problem
(including the answer) are less than one or greater than
10,000. X,¢ is zero otherwise.

of X926 = (0,1)




X,7 = BUMBER TYPE 2: llas value one if the correct answer is

not a whole number or a decimal exact to the hundreth
position (i.e., if the answer is in an "unusual" form

such ns 08.258). X», is zero otherwise.

Range of Xay = (0,1)

Xog = CONVERSION: Has value one if conversion of units from
one denomination to another is required to achieve the
solution; if a percent has to be "changed" to a decimal

(or vice versa). Xog is zero otherwise.

Range of Xag = (0,1)

Xog = MEMORY 1: is the sum of:

(a) Xy, and
(b) the number of numerals in the problem and
(¢) the number of éormulas needed
(d) the number of conversions needed, and
(i) 1 il the conversions involve squared units
(ii) 2 if the conversions involve cubic units.
! Range of Xp9 = 1,2,3, ..., n)
;
’ X30 = MEMORY 2: Ts the sum of the number of

Q (a) formulas needed, and
ERIC
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() steps o each Formela, and
(¢) conversions.

Range of X3q = 0,1,2, ..., n)

The thirty variables just defined make up a rather formid-
able set ——- certainly too large to be of practical value. Ideallwy,
five or less variables should be used, and optimally, two or three.

One can readily see, however, that problem solving will
not be pinned down to onlv a handful of variables. The imposing
amount of research on problem solving has spawned many seeminglv
different variables that contribute to problem solving difficulty.
Whether all these variables are indeed different or can be
reorganized into a smaller subset is yet to be shown. The writer
doubts that even this smaller subset can be less than five in
cardinality.

Yet, proliferation of variables is not a disturbing
problem in structural variables studies using the regression
model. One can easily 'skim off" a workable number of variables
from the regression equation. For this, one does need some
criterion of "importance'". The articles by Darlington (1968),
and Linn and Merts (1969) should provide excellent guidelines.
This study will show that one can choose the first three variables
entering the regression equation and come away with more than
60 percent of the variance explained.

The notation needed for the statistical models used in

this study will now be developed. The primary model is Linear

_ =37~
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Regression. Disceriminant Analvsis and Canonical Correlation
comprise tihe secondary models.

\ .th . .
Let xi; be the value of the JL structural variable for

i

h problem; x;: is an element of the set X of Chapter 2:

.t
the i ij

- N . e )
X = \X1, %2, «.-y Xky,
where each element now takes on 2 =econd subscript, i, for

i=1,2, ..., n, and n is the total number of problems. We

Tewrite X as:

Xi = {x,—l,xiz, eo s Xik, i=1,2, oo.on.
The set A of Chapter 2:

A = la1, ag, --., ag}
remaines unchanged. 4n element a; of set A is a statistical
parameter derived from linear regression analysis and represents
the weight given to variable x;.

The stepwise linear regression model (BMDO2R) will be used

to derive the set A for the set X of structural variables, and a

constant a_, such that a weighed linear combination ﬁi, defined

o)

by the equation
A .
pi";hjxij +a,, 1i=1,2, ...,n
J

will predict the dependent variable pj.

The reader should note that even though the observed
data will always yield a P; of value greater than or equal to
zero but less than or equal to one, the predicted value si need
not be restricted in such a manner as Figure3l shows in the

case of one independent variable.
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To avoid this statistical quirk a logarithmic trans-
formation is used. This will allow the predicted values, Si,
to stay within the range of values of a probability function,
Oﬁ?i £1. The transformation* suggested by Suppes, Jerman and
Brian (1968) is used:

1-pi
Z; = log pi , 0<pi«l
The graphical effect of this transformation on the pi's

can be seen in Figure 2

|
!
|
g
f
|

~

FIGURE 2

*Other transformationg may be used. For example, Z;=Cot 7rpi

will achieve similar results.
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For cases where pi = 0 or pi =1 (Z:-L = fw) we adulterate the

transformation by using pi = .001 and pi = .999 respectively.

Also, Z; = 3 for 0£pi< .001, and Z; = -3 for 12pi>.999.

The regression analysis is then performed on Zi:

A
Z; =-Zaj Xij * a,
J
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CHAPTER 1V

DESIGN

The objective in the introductorv chapter is here

formalized:
OBJECTIVE: Use stepwise linear regression (BMDO2R) and
1 - pi
the logarithmic transformation Zi = log pi to obtain

a set of weights, A= {ay, aj, ..., a that will yield a
0> 41 30

regression equation:

Identify:
a. the order of importance for the elements of set X,
. 1. 1,1 oy 1
and thus obtain the ordered set X'= (Xl”X2>"""X30)‘

b. the F-value which measures the goodness of the fit

of the model.

SUBJECTS: Sixty-five students enrolled during the Fall semester
of 1971 in the arithmetic course known as Math 005 at Golden West
College, Huntington Beach, California, comprised the initial set

of subjects. Because of normal academic attrition, 44 students
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completed the course. And, since the study coincided with the
course, 44 students completed the study. No response data of
withdrawn students was used in the study,

The choice of experiment'location was predicated primarily
by the requirement of finding a junior college in Southern
California with computer facilities capable of handling the
study. Golden West College met this requirement.

Students take Math 005 at Golden West College because
they wich to attain the Associate of Arts degree, but have
scored less than four on the mathematics part of the SCAT.*

A grade of C or better in the course rectifies this low score
and fulfills the impgsed minimum proficiency requirement in
mathematics set by the college.

Generalizations based on the results of this study
should be made keeping in mind that the subjects in this
study were, insofar as mathematics was concerned, slow learners.
Lest one be tempted to label all these students as slow learners
in general, the experimenter can attest from experience that some
excelled in other fields.

Golden West College draws its students primarily from
the cities of Huntington Beach, Fountain Valley, Westminster,
Garden Grove, and Seal Beach, California. The combined
population of these cities is approximately 400,000. All cities

are in the county of Orange, California, and comprise part of

*See the footnote on page of Chapter I .




what is facetiously called the "bedroom community" of lLos
Angeles. The socio-economic background ranges from lower to
upper middle class.

HARDWARE. The problem in this study were presented to,
and solved by students via IBM 274] computer terminals located
in the Multi-Media Center at Golden West College, Huntington
Beach, California. Thirty-four terminals were available to
students daily from 8 a.m. to 11 p.m. The terminals were hard-
wired to an IBM 360/50 computer, located ten miles away at
Orange Coast College, Costa Mesa, California. The system
operated in OS mode, had 20 disk paks, three of which were used
exclusively for CAI.

SOFTWARE. APL/360 was the language used to code the programs
and analyze the data. It is a new, interactive language which
1s highly mathematically oriented, yet readily adaptable to
computer-assisted instruction programs ~- a spin-off not
anticipated by the creator of the language, Dr. Kenneth Iverson
(1967), presently with IBM. The funcFions were coded by Mr.
John R. Clark, CAI consultant to the Coast Community College
District under the direction of the experimenter. Some of these
programs are listed in Appendix 2.

The presentation format used by this software package imi-
tates closely that of the Stanford studies cited previously. But,
the packages were coded totally independently. Imitation was by
necessity rather than choice, since comparative investigations
were planned as part of the present study,

Some changes in the software have been initiated by the

experimenter, such as the addition of hints, in an effort to con-
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duct more detailed, future studies in this area.

PROCEDURE. During the first meeting of the semester,
students were oriented to the course by the regular instructor.
Heexplained that part of the course requirement was the completion
of twenty word problems per week to be presented and solved via com-
puter (time factors were adjusted in order to make this unusual require-
ment fair to the students).

The experimenter introduced the entire group to general pro-
cedures and a videe tape was used for illustration. In subsequent
meetings the class was grouped, and each group was given a live
demonstration on a computer terminal at the Multi-Media Center.

Each student was assigned an individual computer number (with lock-
word) and instructed to use only that number for the entire semester.
Each student chose a time slot of one hour per week convenient

to him. This guaranteed the student a computer terminal for that
hour.

The logic of carrying out the computer problem
solving was itself taught through a pre-planned computer program
as well as through demonstration and question and answer periods.
Students used the first two months of the semester -- and, a total
of 120 problems (not used in the analysis) to practice solving
word problems on the computer in the context intended by the
experiment.

The following examples, illustrate the sequence of steps
one particular student used to solve a problem.

The student's responses are always preceded by the symbol

"m", and have been underlined to facilitate reading.
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1

BILL HILTON'S CLASS FROGRAM AT CYPRESS COLLEGE IAST SEMESTER CONSTSTED
OF BIOLOGICAL SCTENCY, 3 UNITS; CALCILUS 2, 4 UNITSy ENGLISH 1F, 3
UNITS; PHYSICAL &D. 1 UNIT, AND U.S. HISTORY, 3 UNITS. HOW MANY UNITS
7S HE TAKING THIS SEMESTER IF IIE IS TAXING 3 MORT THAN LAST SEMESTER?

A« 3

B+ y

C+ 1 ‘
C A+3+4+C+A

’ D+ 14

O D+3

B+ 17
G zx

FiRST RATE, YOU GOT THAT On:

2

AN AUTOMOBILE SALESMAN WILL ALLOW MR. ANDERSON A TEADE IN ALLOVANCE
OF §1885 TOWARD THZ PURCEASE OF A NEW CTO PRICED AT $37u49.
: WHAT IS THE DIFFERENCE MR. ANDERSON HAS TO PAY FOR THE NEW CAR?

A+ 1865
. Be 3749
‘; X B-4
C+ 1874
0 cx

VERY GOOD , YOU GOT THAT ONE

PR

3

TWO FLOCKS OF SHFEP WERE COURTED, THE FIRST CONTAINED 4C SHEEP,
THE SECOND HAD 10 MCRE THAN THZ FIRST. WHAT WAS THE TOTAL
NUMBX'R OF SHEZP?

A+« 10
B« 10
0O 4+5
a4re e 5C
0¢
D« 50
! O D+

i NEGAYIVE, YOU MISSED THIS ONE,

5 * The symbol €is read " ... is assigned the value ..."

~bfm
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The chronology of these problems is as follows: the computer

typed out everything up to the first quad, including the numerats
which appear under the problem. The computer then paused, giving
control back to the student and was ready to execute any "legal"
command given it by the student. For instance, in the first problem,
the student commanded the computer to perform the addition A+B+A+CHA.
The computer responded with D &«~14. The remaining steps are self
explanatory.

Note that the computer does not respond to an answer, right
or wrong, unless the student commands it to recognize an answer by
the preassigned method of typing a single letter followed by the
asteriks (*). Thus, a student has the perogative to take as many

steps as he wishes, as much time as he wishes.

The Problems

The 172 srithmetic word Problems used in this study‘were
selected as follows: 100 were identical to the problems used in
the Loftus (1970) study. Minor changes in four problems had to
be made. Since percent problems prove to te exceptionally diffi-
cult for Math 005 students, 30 problems on percent, similar to
problems these students are yequired to solve in the course, were
constructed and included in the study. The remsining 42 problems
were of a general nature, covering concepts a person proficient
in arithmetic should know, yet, these problems were still of the
Math 005 caliber. Among the last 42 were 20 problems derived from
proPlems suggested in the CUPM (1971) publication pertaining to

this type of course.
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CHAPTER V

RESULTS
This chapter presents the results of the experiment. To facilitate
reading, the objective is repeated here, and then followed by the pertinent
results. Before proceeding, the definition of variable importance, mentioned
in Chepter IV, must be formalized:

Definition of importance: Letl xJ and X be two variables in
the regression equation.

= z ajX, + a

: 0’
i

Also, let R; and R? be the amount of varlance accounted for by the
respective regresglon equations:
¥ = ] byx; + by, and
i#)
y = Z cix; + cqe
it

Then x will be con31dered more important than Xy written

Xy > xu, if R < Ru
This shall be the primary criterion of the importance for the variables
present in the linear regression equations in this study. However, to
test the "robustness" of the variables, other criteria of importance will
be used in the sequel.
Objective. Use stepwise regression and the logarithmic transformation
= log (1 - p;)/p; to obtain a set of weights, A = {a, 815 sees a30}
that will yield a linear regression equation:

=) ax; +ag, 1<ig172
1
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Identify:

e, the order of importance of the elements of set X using fhe
definition stated above; thus, obtain the ordered set
X" = {x]'_> xé} K >'x§0}'
b. the significance of the model by the F-value in the analysis
of variance for the regression; and the Chi-square value which
measures the goodness of the fit.
The characteristics of the regression model are presented jn Tables
1, 2, 3, and 4, as well as Figure 1. The coefficients of the regression
equation: the elements of set A, are listed in the first column of Table 1.
Also in Table 1 are the standard errors, computed t-values, and the amount
of variance lost by the removal of each of the variables in turn from the
model. Six variables had significant t-values, but the most impressive
was that of the MEMORY 2 variable. This variable also had the largest drop
in the R-squared when it was removed from the model. These two criteria
have obvious theoretical ties, however, and it is not surprising that the
variable scores highly in both cases. Table 2 shows the order of appearance
of the variables into the regression, the multiple R, R-squared, and the
increase in R-squared at each step. The variables MEMORY 2 and ORDER 1
alone account for over 50% of the Variance in problem solving difficulty.
It will be seen, however, that the first ten variables listed in Table 2
are not in the same order as given by the definition of importance adhered
to in this study. The reason for this discrepancy is that the order of
entry into the regression equation does not necessarily reflect the tiue
contribution a variable makes to the total variance explained. Nevertheless,
with a relatively small set of variables, T0% of the variance has been
accounted for in problem solving difficulty for the Junior college group

sampled. Table 3 displays the analysis of variance for the regression.




TABIE 1

REGRESSION COEFFICIENTS, ~TANDARD FRRORS, COMPUTED T-VALUPS,
AND R-SQUARED DKOP CAUSED BY THE RFNOVAL OF FACH VARIABLE IN

TURN FOR OBJECTIVE 1 (172 PROBLFMS, AND 30 VARIABLES.)

} VARIABLE

WNER O

[3, e~

| i 2Kt B e ]

12
12

] 16
i 17
' 18

19
1 20

21
22
( 23
! 24
25

] 26
27
28

30

!
H
H
!

CONSTANT
OPER;:TIONS
DIVISION
HIERARCHY
STEPS
LENGTH

DEPTH 1
DEPTH 2
VERBS
ADJECTIVES
NOUNS

ADVERBS
PRONOUNS
NOUNS : VERBS
NOUNS :ADJECTIVES
PRONOUNS : NOUNS

VERBS :ADVERBS
SEQUENTIAL
ORDER 1

ORDER 2
VERBAL CLUE 1

VERBAL CLUE 2
DISTRACTORS
SUPERFLUOUS DATA
MISSING DATA
REUSED DATA

NUMBER TYPE 1
NUMBER TYPE 2
CONVERSION
MEMORY 1
MEMORY 2

P<.1 ** P<,01

REGRESSION
CORFFICIENT

w

.62E3
0.0354
0.1110

-0.0026

-0.0132
0.00u0

~0.006C
0.10u4y
0.0410
0.0054
+G.0616

0.1€73
-0.0205
0.0812
0.0390
$.7056

0.0361
0.03uy
0.3396
0.0418
0.1156

0.0336
0.0721
0.1591
0.1945
0.0296

0.1180
0.2200
-0.1784
0.0741
0.2876

*k%x P<,001
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STAND/ARD
YRROR

0.0331
0.1076
¢.0115
0.0659
0.0022

0.0023
0.1118
0.0357
0.0241
0.0227

0.6616
0.0548
0.0585
0.6327
0.6798

0.029y
0.0945
0.1194
0.0696
0.1257

0.0540
0.0711
0.1302
0.1727
0.1483

0.1183
0.1406
0.1684
0.0537
0D.0425%

COMPUTED
T-VALUE

1.0711

1.0317
-0.2226
-0.2010

1.8235 *

~2.6147 **
0.9334
1.1486
0.2239
=2.,7096 **

1.7427 *
-0.3760
1.3882
1.1932
1.0380

1.2275
0.3637
2.8428 *
0.59€2
0.9195

0.6214
1.0149
1.2218
1.1262
0.1996

0,9975
1.5654
~-1.0590
1.3806
€.7595 *x*

RSQ
phep

0.0021
9.0020
0.0001
0.0001
0.0061

0.031.24
0.0016
0.002u
0.0001
0.0133

0.0055
0.0003
0.0035
0.0026
0.0020

0.0027
0.0003
0.0147
0.6007
0.0016

0.0007
0.0019
0.0027
0.0023
0.0001

0.0018
0.0045
0.0021
0.0035
0.0829
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VARTABSE MULTIPLE R INCREAST
R SQUARED IN BRS¢
3G MENORY 2 0.5398 0,473 G.475Q
18 ORDER 1 0.7559 0.5744 0.5956
21 VERBAL CLUE 2 0.7898 6.6238 2.0524
1 OPERATIONS 0.8023 0.6427 20,0199
15 PRONOUKS : 20UlS 0.811% 0,56587 0.0159
22 DISTRACTORS 0.8177 0.6686 0.0399
11 ADVERBS 0.8226 0.6787 ¢.0080
6 LFEPTH 1 0.8281 0.6687 0.0091
16 VERBS :ADVERBS 0.8351 0.6974 ¢.0118
23 SUPLRFLUGHS DATA 0,8397 0.7051 0.0077
27 NUMBER ZYPE 2 0.e4u1 6.7125 0.0074
1 NCYNS :ADIRCTIVES 0,8456 6.7150 £.0025
2 DBJVISION 0.346R3 0.7471 0.0020
2€ NUMBER TYFZ 1 0.8u7¢ 0.7134 D.001u
S LLUCTH 0.84865 0,7200 G.co1s
10 poUEg 0.9541 0.729¢% 0,0095
13 NOUNS :VEKBS 0.8554 ¢.731 6.0022
29 MEMOKY 1 0.8564 0.7334 0.0017
8 VERES 0.8576 0.7355% 09.0621
24 MISSING DATA 0.5588 0.7375 0.6021
28 CONVERSION 0.8539 0.7394 0.6019
20 VERZAL CLUR 1 0.8609 0.7411 ¢.0017
7 DEPIH 2 0,8617 0.7425 0.001y
19 ORDER 2 0.8622 0.742y 0.0003
12 PEONOUNS 0.8623 0.7436 J2.0002
17 SEQUENTIAL 0.8625 0.7439 00,0003
25 REUSED DATA 0.8626 0.7441 01,6022
3 HIERARCHY 0.8626 0.7442 60,0001
¢ ADJECTIVES 0.86826 0.7443 0.0004%
L STEPS 0.8527 0.7443 92,0000

PABLE 2

SEQYENTIAL APFEARANCE OF THE VARIABLXS TiT0 "ER
REGRESSICw EQUATION FOR OBJTECTIVE 1. ALSG S{OWR
ARE THE MULTIPLE R AND *-SQUARED, THF INCREASE
18 B-SQUARFD (172 PROBLENS, AKD 20 VARIABLZS)
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The F-value of 13.673 was significant at the .000L level (see part b of

Objective 1).

TABLE 3

ANALYSIS OF VARIANCE FOR THE REGRESSION

ANALYSIS FOR OBJECTIVE 1

SOURCE D.F. SUM OF SQUARES | MEAN SQUARES | F-RATIO
Regression 30 114.605 3.820 13.673%
Residual 141 39.396 0.279
Total 171 154. 001

*¥p<, 001

The goodness of the fit of predicted versus observed pi's was

calculated by means of the Chi-squared formula:
x* =1 (f; - psN)/(1 - py)p;N,

where fi = observed frequency of correct responses, p; = the predicted
percent of correct responses, and N = the number of students. The value
of Chi-square was 1382.7, indicating a rather poor fit. However, a closer
analysis showed that six problems had exceptionally high Chi-square values.

Figure 1 shows the graph of the predicted versus observed percent
of correct responses (P; and P;). The graph was ranked according to the
observed difficulty, thus the easiest observed problem is closest to the
origin, while the most difficult Problem is at the farthest point on the
horizontal axis. Perusal of the graphs in Figure 1 will show that the
model gives a much better account of the easier problems than the hard
ones. Perhaps by choosing a more heterogeneous set -of problems this

difficulty can be ironed out. Nevertheless, the trends are the same.
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Table 4 lists the variables according to four criteria of importance:
the first, by the definition used in this study; the second, by order of
introduction into the regression equation; the third, by size of the decoded
beta weights; and the fourth, by the size of the partial correlation coeffi-

| ciert. Although in this study, the importance of a variable was defined
according to the first criterion, that is, by the amount of R-squared drop
céused by the remcval of that variable from the regression model, Table &
offers a measure of "robustness" of the variablec, within the confines of
this study. Note thet the variable MEMORY 2, consistently appears first
on all orderings of importance. The significance of this fact is under-
scored by the strong showing this variable made in Tables 1 and 2. The
ordered set X~ (see part a of Objective 1), is shown in column one of
Table 4. The aordered set X~ can be achieved by reading the column from

top to bottom.

PR,

»
’
7
b
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OFDYR OF IMIORTANCE QF THE 30 STPUCTURAL VARTABLFS /S
MELSURED FY FOUR CRITERIA OF IMPORTARCS. THF FTRST OF
THEZE IS TEE CRITERION OF IMPORTANCF AS MFASURFD RY
SHE DEFINITIOU, THD SEZOND 1S THE OPDER OF APPRARANCF

OF THE VARTAELKZ

I#FO  THF  RFGPFSSIOY POUATTON
THIRD, 3Y THE DECODED BETA WFIGHTS,

mir

o~

AND TR FPOURTE

BY THE 51ZZ OF THE PARTIAL CORRFIATTION COFFFICIENT

DEFTNITION OF
OF IMPORTALCE

? MEMORY 2

: ORLER 1
youns

, DEPTH 1

‘ LENCTH

ADVEPBS
i NUM'R TYP?

NOU  VARE

MIMCRY 1
P SUP'S DATA

VERF : ADVER
| NOUR:ADJITS
{ VERBS

MIS'C DATA
f OPEEATICRS
f
‘ CONVERSION
PRCY :NOUN
TVISION

et

DISTRACIOR
NUM'R TYF1

.5 DIPTH 2
VERBAL 273,
VERBATL CL2

i ORDER 2

! PROXOUZS

i SIRUENT'L

! HIFRARCHY
577PS

, ADIECTIVES

| REUSE DATA

ORDER CF

AFPEARANCE,

MEMORY 2
ORDER 1
VERPAL CI2
OPERATICNS
PRON 1oL

DISTRACTOR
ACVERBS
DEPTH 1
ViRE sADVRE
SUP'S DATA

NUM'R TYD2
NOUN:ADJTS
LIVISION
NUM'R TYPa
LENGTE

HOUNS

NOUN : VERB
MEMORY 1
7ERBS
MIS'G DATA

CONVEESION
VERBAL CL1
DiPTH 2
ORDER 2
PrONOUNS

SEQUENT'L
REUSE DATA
HIERARCEY
ADJECTIVES
STELS
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(VARZAELLS HAVE BERF AEBREVIATED)

DECODED BETA

WEIGETS

MFMCRY 2
nours
LFyery
DEPTF 1
OFDER 1§

MEMORY 2
ADVFEBE
VERBS
NOUY: VERE
NOUX:ADJTS

OPERLATTONS
PRON . FOUN

VERB : ADVEE
MUMIR VP2
MISVG DATA

CONVERETON

SUP'S DAT4~

DIVISIO¥
NUM'R PYDA
DISTRACTOR

VERPAL CLA
ORDFE 2
DEPTH 2
VERBAIL CI,?
PRONOINS

STF28
ADJVCTIVES
SEQUENT'L
REUSE DATA
HIVRARCHY

PAPTIAL CORR.
COCEFFICTENT

MEMORY 0
ORV'R 2,
VERGAL CL?
NPFRATIONS
PRIENoun

VERF : ADVRR
HIaUNS
I'TSTRACTOP
DUPTR 4
JUM'R T¥YP2

SUP'S pATA
AUVFRFS
NOUP: ADJTS
NOUM : VFRB
VFRRS

MIS'G DATA
prvrsron
CONVERSTON
VERRAL (T
MFFORY 1

DEPTH
LENGTH
PUM'R TYPL
OFDFR 2
PRONOTINS

SEQUFNTLT,
SIS
RFEUSF DATA
HIFRARCHY
ADJECTIVFS
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CHAPTER VI

DISCUSSION AND SUGGESTIONS
FOR_FURTHER RESEARCH

The results of this study clearly indicate that the variable
MEMORY 2 is highly significant for predicting the difficulty of
word problems. By itself, the variable accounted for 4T% of the
variance. Its simple correlation with the dependent variable
was a healthy .702. Furthermore, the variable was consistently
first on all criteria of importance. The definition of MEMORY 2
is composed of basically two subvariables: (a) the number of
formulas to be recalled in pursuing the correct solution, plus
the number of steps in each formula, and (b) the number of con-
versions required to achieve the correct solution. For purposes
of discussion, both parts can be combined in one word: recall.

The findings in this study, then, indicate that for the
Junior College students sanipled, an arithmetic word problem which

requires some recall of previously learned facts is more difficult

to solve than one that does not. Of course, there is the question:

"If the needed recall facts were made available to students, say,
via & hint, could students then carry the problem to solution?"
This is a meaningful research question. To give this question
deserving attention in future research, the driving functions

in- the software package used for this study have already been
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"patched" to present hints and trap student response data pre and
post hints. No comments will be made here regarding results since
the data have not yet been organized into proper form.

It is indeed encouraging and revarding to discover that a
memory-related variable is so potent. Suppes (1966, page 248) also
found that his memory variable was quite important in predicting
the difficulty of fourth-grade addition problems. He goes on to
state (p. 254):

From a psychological standpoint, the most
suggestive single finding is probably the
importance of the process variable NSTEPS,

or of its component variables, Particulerly
memory, in all the relevant analyses. . .

If. . . the dominant variables had turned

out to be magnitude variables, then a less
significant first step would have been taken,
because anyone would immediately ask what
characteristics of the Processing done
internally by the students made these magni-
tude variables so significant. In postulating
process variables and being able to establish
their direct importance, we have already
been able to move part this first step.

As stated at the beginning of this paper, the results under
discussion are but one-~sixth of a larger study, representing the
author's doctoral dissertation at UCLA. Space does not permit
a full discussion of all results in that dissertation, but it is
most appropriate at this point to allow for a passing comment.
Regression analyses were also run on subsets of the 172 problems
(toward more heterogenous problem sets); on average latency of
response, and average success latency for a1l 172 problems.

Appendix I displays the analyses of the data unaccompanied by

discussion.

-55-




.

Perusal of these data will show that the variable MEMORY 2 is
also of premiere importance!

Professor Suppes has eloquently pointed out the psychological
importance of this variable. But there is another important point
to be made. The variable MEMORY 2 is well défined! This fact
mekes MEMORY 2 & agmatic variable and ought to facilitate its
implementation into the world of educational practice.

This success is somewhat dulled, however, by the variable's
multiplicity of definition. Is the recall of formulas what makes
it a strong variable? Or is it the need to recall appropriate
conversion units? A fimer grained analysis was not performed
in this study to help answer this question. Neither can an
answer be derived from the present results since "pure" conversion
and formula variables were present in the set X of structural
variables (CONVERSION, and MEMORY 1). Hopefully, future research
will answer this question.

The variable ORDER 1 showed a respectable amount of robustness.
It was second on three of the four criteria of importance, includ-
ing the stated definition of importance used in this study. The
variable's showing should not be disappointing even to those who
abide by the beta weight as an index of importance. Here, ORDER 1

was fifth (see Table 1, Chapter V). The simple correlation of

ORDER 1 with the dependent variable, the percent of correct responses,

was .U478.

The implication of the ORDER 1 variable to problem solving

difficulty is that students did not "internalize" problems.
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Item analysis relating to this variable showed that often students
knew a problem should be solved by division. But when the correct
answer was to be achieved by commanding the computer to perform

A 5 B, very often they asked the machine to perform B = A, and
promptly lablelled the latter as the correct answer. Again there
appears a dichotcmous query: '"was this carelessness, or a more
deep pedagogical reason?"

In any event, note this is another well defined variable
and thus easily implementable into educational practice, This,
together with the fact that the set {MEMORY 2, ORDER 1} alone
accounts for 57T% of the veriance, makes for a significant contribution
to predicting problem solving difficulty for Junior College arith-
metic students.

It is time to turn to the unpleasant task of discussing suppresor
variables. The next two variables, NOUNS and DEPTH 1 set the stage.
Both have positive simple correlations with the dependent variable
(.301 and .486, respectively); both are, by definition and other
criteria, important; yet both have significantly high negative
regresion coefficients~-and, therefore, negative beta weights.

It is tempting to offer the explanation: more nouns and
deeper sentences reduce the difficulty of arithmetic word problens,
But this would be a spurious interpretation in view of the
positive, simple correlations. It is more sensible to say that
because of the invercorrelatedness of the independent variables,
the regression procedure, in trying to minimize the sum of squares,

achieves this goal by assigning negative coefficients to these two

variables.
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This conclusion is further supported by glancing at the simple
correlations between variables. The correlation between NOUNS and
LENGTH was .961! Furthermore, NOUNS was entered into the regression
equation immediately after LENGTH.

DEPTH 1 was correlated with VERBAL CLUE 2 (.576), MEMORY 2 (.561),
and NOUNS (.731). All these variables entered the regression before
DEPTH 1.

Before we lower the life boats, it should be noted that the ship
may be listing, but still floating. The goal in this study was to predict
problem solving difficulty. This can be accomplished even with the
appearance of negative regression coefficients. If the concern was with
the more delicate question of cause-effect, then the appearance of
negative weights would be more damaging.

The variable LENGTH, though not as robust as the other four, was high
on the list of predictive worth. Its simple correlation with the de-
pendent variable was .382. This correlation is too small to venture a
cause-effect relationship. But with the other variables present, it can
be said that the length of a problem does affect its difficulty.

Recall that for the students involved in this study, mathematics
has been a difficult subject. These are people who after twelve years
of formal schooling are not able to perform at a level of eight, or at
most ninth grade arithmetic. Word problems in particular, by record and
the student's own admission, are particularly difficult. In view of this,
it's not hard to understand why a lengthy problem, with unordered data,
and requiring recall of previously learned facts, has a tendency to--

if we may use the current vernacular--pshyc the students out.
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Again, note that the length variable is the most well
defined of the entire set X, of structural variables, and the
easiest to measure. Such an asset should prove valuable in its
implementation into practice.

The first five variables of the ordered set X' have bzen
discussed. Their robustness and highly acceptable definitions
were encouraging in the effort to predict problem solving difficulty
for Junior College arithmetic students. It would not be meaningful
to belabor the discussion to the remaining 25 variables, for their
intercorrelatedness would make the interpretation rather artificial.
The interested reader is referred to Table 4, Chapter V, the other
tabulated data, and Appandix 1. These are presented clearly enough
for anyone to reach his own conclusions. In the author's opinion,
the accomplishment of the study rests with pinning down the set
{MEMORY 2, ORDER ;g whose two elements are structural variables
in predicting problem solving difficulty of CAI-presented word
problems for Junior College arithmetic students.

Before concluding this section, it will be informative
to summarize in tabular form these results along with those in
previous structural variables studies. The latter have been already
analyzed in the review of the literature chapter, thus there is
no need for further comment here. Table > presents this summary.
Let the reader beware that the table is highly artificial, Place,
time, subjects, variables, and criteria of importance differ in

each study.
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Thus comparisons should be made...carefully, if at all. The inability
to make valid comparisons from data like in Table 5 brings to attention
e sad state of affairs in this young branch of educational research. A
certain amount of standardization is sorely needed. Criteria of import-
ance, for example, ought to be the same or equivalent for all structural
variebles studies. A first step toward this goal was taken in the present
study by listing variasbles according to four criteria of importance.

A pool of varibles and problems ought to be made available to researchers
interested in this field. For CAI oriented studies, similar software
ought to be used. Toward this end, the APL softwarc used in this study

is available to anyone who wishes it. Appendix 2 Presents only some of

the functions, for illustrative purposes.

Furthermore, research studies are needed to identify, define,
and categorize structural veriables. From these studies, of factor
analytic nature, more orthogonal variables can be discovered. Also,
more measures of dependent variables are needed; for problem solving
difficulty is not only reflected by percent of correct responses. Suppes,

Hymen, and Jerman (1966), for example, analyzed average success latency.

In the present study, of which this paper is only a part, average total

latency and average success latency were used as dependent variables.
In this same study, percent of correct responses together with average
total latency were used in a canonical correlation anelysis. In the
author's opinion, canonical analysis offers real possibilities for these
types of studies.

Perhaps the vehicle to be used in achieving, normalization of
Process is a structural variables journal--aware though the author is

of the present proliferation of journals.
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APPENDIX 1

Tables and graphs of other regression analyses related to
the results in this paper. These are offered without further

comments, save that three regression runs are represented.
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TABLE 9

RECRESSION COEFFICIENTS, STANDARD ERRORZ, COMPUTED ‘"-VALUES,
AND R-SQUARED DROP CAUSED BY THE REMOVAL OF FACH VARIABLE Iy

TURN FOR OBJECTIVE 3 ( 72 PROBLIMS, AND 30 VARIABLES . )

VARIABLE

T R S G S ¥ Y R C o3, A F O R
WP R o

=
o

N R R
S 0w

21
22
23
24
25

26
27
28
29
30

CONSTART
OPERATIONS
DIVISION
BIERARCHY
STEPS
LENGTH

DEPTH 1
DEPTH 2
VERBS
ADJECTIVES
NOUNS

ADVERBS
PRONOUNS

NOUES :VERBS
NOUNS :ADJECTIVES
PRONOUNS : NOUNS

VERBS :ADVERBS
SEQUENTIAL
ORDER 1
CRDER 2
VERBAL CLUE 1

VERBAL CLUK 2
DISTRALTORS
SYPERFLUOUS DATA
MISSING DAY
REUSED DATA

NUMBER TYPE 1
NUMBER TYPE 2
CCNVERSION
MEMORY 1
MEMORY 2

REGRESSION
COSFFICIENT

T2.48986

-0.0268

-0.0302
0.0053
0.0177
0.0080

~0.9095
0.1467
0.0825
0.0000
-2.0949

0.0294
-0.0674
0.1263
0.0293
2,1116

0.0230
0.0278
G.0378
-0.0153
0.2190

0.0832
0.1426
0.0204
0.4885
0.1679

0,186
0.3u488
-G.24C9
0.1316
0.2133

STANDARD
ERROR

0,0667
0.1336
0.0228
0.1001
0.0040

0.0070
0.2509
02,0590
0.0CG00
0.,0359

0.1211
0.0828
0.1306
¢.0325
1.3149

0.0520
0.2199
0.2459
0.1230
0.2623

0.1397
0.1298
0.1944
0.3284%
0.2620

9.2110
C.1888
0.2712
0.1003
0.0721

COMPUTED
I-VALURE

-0.4011
-0.1556
C.2318
0.1764
1,9851

-1,3592
0.58u8
1.3973
1.0000

-2.6402

0.2424
~-0.8135
0.3674
05.9025
1.6058

0.Lku16
0.1265
(¢.1535
-0.1247
0.8351

0.4523
1.0986
0.10u9
1.4968
0.6410

0.5621
1.8489
-1.2569
1.3123
2.9562

KS¢
DROP

0.0010
(6.0002
0.0004
0.0002
0.0172

0.0095
6.0018
0.0104
0.0000
0.0369

G.0004
0,0035
0.0050
0,0022
0.0036

0,0011
0.,0001
0.0002
0.0001
0.0038

0.,001C
0.0063
(¢.0001
0.01i10
0.0023

0.0617
0.0177
0.0084
0.0099
0.0u462




TABLE 10

} SEQUENTIAL APPEARANCE OF THE VARIABLES INTO THE
REGRESSION EQUATION FOR OBJECTIVE 3. ALSO SHOWN
ARE THE MULTIPLE R, R-SQUARED, AND TRE INCREASE

IN R-SQUARED (72 PROBLEMS » AND 30 VARIABLES)

VARIABLE MULTIPLE R INCREASE
| R SQUARED IN RSQ.
30 MEMORY 2 0.6453 0.416u 0.4164
7 18 ORDER 1 0.7307 0.5339 0.1175
21 VETRBAL CLUE 2 0.7583 0.5750 O.ou411
15 PRONOUN:NOUN 0.7755 0.6014 0.0264
12 PRONOUNS 0.7898 0.6238 0.0224
22 DISTRACTOR 0.7997 0.6395 0.0157
27 NUMBER TYPE ?2 0.8082 0.6532 0.0137
13 NOUN:VERB . 0.8193 0.6713 0.0181
14 NOUN:ADJECTIVE 0.8252 0.6810 0.0097
24 MISSING DATA 0.8280 0.6856 0.0Qu6
28 CONVERSION 0.8329 0.6937 0.0081
11 ADVERBS 0.8361 0.6991 0.0053
6 DEPTH 1 0.8403 0.7061 0.0070
5 LENGTH 0.8521 0.7261 0.0200
10 NOUNS 0.8642 0.7468 0.0208
8 VERBS 0.8680 0.7534 0.0066
29 MEMORY 1 0.8741 0.7641 0.0106
20 VERBAL CLUE 1 0.8765 0.7683 0.00u2
25 REUSED DATA 0.8785 0.7718 - 0.0035
26 NUMBER TYPE 1 0.8793 0.7732 0.0014
. 7 DEPTH 2 0.8803 0.7749 0.0018
} 1 OPERATIONS 0.8810 0.7762 0.0012
: 16 VERB:ADJECTIVE 0.8817 0.7774 0.0012
3 HIERARCHY 0.8818 0.7776 0.0002
2 DIVISION 0.8819 0.7777 0.0002
17 SEQUENTIAL 0.8819 0.7777 0.0002
; 4 STEPS 0.8820 0.7779 0.0002
i 19 ORDER 2 0.8820 0.7779 0.0001
‘ 23 SUPERFLUOUS DATA 0.8820 0.7779 0.0001
i 11 ADJECTIVES 0.8820 0.7730 0.0000
H
|
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TABLE 12

ORDER OF IMPORTANCE CF THE 30 STRUCTURAL VARTABLES AS
MEASURED BY FOUR CRITERIA OF IMPORTANCE. THE FIRST OF
HESE IS I9E CRITERION OF IMPORTANCE AS MEASURED BY
THE DEFINITION, THE SECOND IS THE ORDER OF APPEARANCE
OF THE VARIABLES INTO THE REGRESSION EQUATION, THE
THIRD, BY THE DECODED BETA WEIGHTS, AND THE FOURTH
BY THE SIZE OF THE PARTIAL CORRELATION COEFFICIFNT

(VARI/BLES HAVE BEEN ABBREVIATED)

DEFINITION OF ORDER OF DECODED BFETA PARTIAL CORR,
OF IMPORTANCE APPEARANCE WEIGHTS COEFFICIENT
MEMORY 2 MEMORY 2 NOUNS MEMCRY 2
NOUNS ORDER 1 LENGTE ORDER 1
NUM'R TYP2 VERBAL CL2 DEPTH 1 VERBAL CL2
LENGTH PRON:NOUN VERBS OPERATIONS
MIS'G DATA PRONOUNS MEMORY 2 PRON : NOUN
VERBS DISTRACTOR MEMORY 1 VERB :ADVRB
DEPTH 1 NUM'R TYP2 MIS'G DATA NOUNS
MEMORY 1 " NOUN:VERB PRON :NOUN DISTRACTOR
CONVERSION PRON :ADJTS NUM'R TYP2 DEPTH 1
DISTRACTOR MIS'G DATA CONVERSION NUM'R TYP2
NOUN :VERB CONVERSION NOUN : VERB SUP'S DATA
VEREAL CL1 ADVERBS PRONOUNS ADVERBS
PRON :NOUN DEPTH 1 DISTRACTOR PRON :ADJTS
PRONOUNS LENGTH PRON:ADJTS NOUN : VERB
REUSE DATA NOUNS VERBAL CL1 VERBS
PRON :ADJTS VERBS REUSE DATA MIS'G DATA
DEPTH 2 MEMORY 1 VERBAL CL2 DIVISION
NUM'R TYP1 VERBAL CL1 OPERATIONS CONVERSION
VERE :ADVRB REUSE DATA DEPTH 2 VERBAL CLA
OPERATIONS NUM'ER TYP1 NUM'R TYP1 MEMURY 1
VERBAL CL2 DEPTH 2 VERB : ADVRB DEPTR 2
HTERARCHY OPERATIONS ADVERBS LENCTH
ADVERBS VERB:ADVRB STEPS KUM'R TYP1
DIVISTCN HIERARCHY HIERARCHY ORDER 2
STEPS DIVISION ORDER 2 PRONOURS
ORDER 1 SEQUENT'L DIVISION SEQUENT'L
SEQUENT'L STEPS ORDER 1 STEPS
ORDER 2 ORDER 2 SEQUENT'L REUSE DATA
SUP'S LATA SUP'S DATA SUP'S DATA HTERARCHY
AD.ECTIVES ADJECTIVES ADJECTIVES ADJECTIVES
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TABLE 13

REGRESSION COEFFICIENTS, STANDARD ERRORS, COMPUTED T-VALUES,
AFD R-SQUARED DROP CAUSED BY THE REMOVAL OF EACE VARIABLE IN
TUrN FOR OBJECTIVE 4 ( 172 PROBLEKS, AND 30 VARIABLE)

VARIALLE REGRESSION STANDARD  COMPUTED RSQ
COTFFICIENT ZRROR T-VALUL DROP
0 CONSTANT T1,81545
1 OPERATIONS 1.3915 2,0236 0.6876 0.,0008
2 DIVISION 11.2315 645496 1.71u48 0,0050
3 HIERARCHY o .2804 0.,7035 0.3985 29,0002
4 STEES L1272 4,0291 -G,6020 0.0C06
5 LiNGTE —o 1236 B.13ue -0.916¢ 0,001y
¢ DRI 1 0.1255 0.1400 0.8967 0.0003
7 DEPTH 2 -1,9487 6.8071 ~0 2662 0.0001
8 VEKRS 1.2650 2.1774 0.581C 0.0005
9 ADJLOTTVES ~0.5891 1.4608 -0,4033 0.0002
10 NOUNS 2.0562 1,3031 1.5085 0.0036
11 ADVERBS 642136 3.7602 1.6€04 0,0047
12 PRONCURS -7 8udy 1.7534 -1.6200 0.C010
13 NOUNS:VERBS 1.7998 3.5782 €.5020 0.,000%
14 NOUNZ:ADJECTIVES -2,8388 2.0026 -1.4176 ¢c.oczy
15 PRONGUNS : JOUNS 0.0002 0.000¢ 1.0060 0.0000
16 VERBS:ADVERBS -0.4220 1,7973 ~0.,234§ 0.0000
17 SZQUENTIAL -8.1001 5,779%& -1,5014 0.0C32
18 CRDER 1 11,5196 7430¢2 1.5760 0.00%47%
19 ORDER 2 -2,7088 I ,2556 -0.5365 0.000¢
20 VEEBAL CLI'% 1 17.5574 7.50%1 243057 64,0090
21 VEEBLL CLUE 2 -0,942¢ 3.2863 -0,2869 5.,0001
22 DISTFRACTORS 10.8660 4,3330 5C77 2.0106
23 SUPERFLUCUS DAMA 74960 7.8354 C.ou93 0.001Y4
24 MTCSING DATA 5.1643 10.5376 04601 0.0903
25 REUSED DATA 24,1036 9.0717 2.6570 0,0120
26 NUMBFR TYPE 4 -6.4511. 7.2375 -0,8913 0.0013
27 KUMBER TYPZ 2 17.261¢2 8.5853 2,010% 0,0069
28 (ONVERSION -1,5282 10,2591 -0,149¢ 56,0000
29 MEMOHY 1 9.5147 3.28u7 2,744y 0,0128
30 MENORY 2 6.806L 2.5960 2.6219 0.0117




TABLE 1y

SEQUEN™TAT- APFEARANCE OF THE VARIABLES IiNT0 7MF
FEGRESSION ECUATIOR FOR OBJECTIVE 4, ALSC SHOWN
ARE THE MULC'TPLE R, R-SQUARTD, AND THE INCREASE

IN R-SQUARFD (172 PROBLFMS, AND 30 VARIABLES)

VARIABLE MULTIFPLE E INCREASE
R SQUARED IN RSQ
29 MEMCRY 1 0,6853 T 0J4EQ6 0.4695
30 MEMURY 2 0.7570 0.5730 0.1034
18 ORDER 1 0.7875 0.6202 ¢.0u71
2 DIVISIOKN 0.8077 0.8524 0.0322
11 ADVERBS 0.824¢€ 0.6303 0.,0279
25 REUSED DATA 0.8349 0.6971 0.0168
22 DISTRACIORS 0.8438 0.7120 9.0149
10 NOUNS 0,8u489 0.720¢€ 0,008%
27 NUMBER TYPE 2 0.8527 0.7271 0.,0055
23 SUFZRFLUCUL DATA 0.,855¢8 0.7324 0.00853
12 PRONOU'NS 0.8584 0.7362 0.0CH5
20 VERPAL CLUE i 0.561L €.7420 0.0C52
17 SEQUANTIAL 0.8634 047155 05,0034
14 JCUNS :\DJECTIVES 0.806u47 0,7u77 0.00%22
5 LERCTE 0.865¢ 2.7498 0.0021
& DEPTH 1 0.8668 0,7513 0.0016
% STEPS 0.8676 0.7527 0.001L
1, OFZRATIONS 2.5682 0.7538 0.0010
26 NUMBER TYPI 1 0,8689 €.7550 0.0012
13 ORDER 2 0.86¢2 C.7555 0.9005
24 MISSING DATA 0.,8693 0.7557 0.0002
3 HIZIARCHY 0.8694 0.7559 0.0002
S ADJZCTIVES 0.8696 0.755% 0.0003
7 DEPTH 2 0,8696 D.7be . 0,0001
8 VERBS 00,8697 0.7561 0.0002
13 NOUNS :VERBS 0.8699 0.7567 0,0003
21 VERBAL CLUR 2 0.8700 0.7569 0.0007%
16 VERBS :ADJECTIVES 0.8700 0.7569 0.C¢003.
28 CCNVERSION 0,8700 0.,7569 0.0000
18 PRONOUS : NOUNS 0.8700 0.7589 0.0000
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TABLE 1%

ORDEE OF IMPORTANCE OF THE 30 STRUCTURAL VARIABLES AS
MEASURZD FY FOUR CRITERIA OF IMPORTANCE. THE FIEST OF

THESE IZ TRE CRITFRION OF

IMPORTANCE AS MEASURED BY

THE DRFINITION, THY SECOND IS THE ORDER OF APPEARANCE
0!' YHE VARIABLES INTO
THIRD, BY THF DECODED BETA WEIGYTS, /AND THR FOURTF
BY THE SIZE OF THE PARTIAL CORRELATION COEFFICIFENT
(VARTASLZS HAVE BEEN ABBREVIATED)

LEFINITTON OF
OF IMPURTANCE

MEMORY 1
REUSE DAI4
MIMORY 2
DISE'RACTCR
VERBAL CL1

NUM'R TYZ2
DIVISIOHN
ADVERBS
ORDER 1
NOUNS

PRON :ADJTE
SEQUENT'L
LENGTH
SUPYS DATA
NUM'R TYP1

PRONOUNS
OPERATICNS
STEPS
ORDER 2
VERBS

lOUR :VERB
DFPTH i
MIS'G DATA
HIZRARCHY
ADJECIIVES

DEPTH 2
VEREAL CL2
PRON : NOUN
VERB 1 ADVItB
CONVERSION

ORDER OF
APPEARANCE

MEMORY 1
MEMORY 2
ORDER 1
DIVISION
ADVERBS

HEUSE DATA
DISTRACTOR
NOUNS

NUM'R TYP2
SUP'S DATA

PRONOUNS
VERBAL (L1
SEQUENT'L
PRON :ADJTS
LENGTH

DEPTH 1
STEPS
OPERATIONS
NIIX'R T2
OFDER 2

MIS'G DATA
HTERARCHY
ADJECTIVES
DEPTH 2
VERBS

~OUN :VERB
VERBAL CL2
VERB :ADVRB
CONVERSION
PRON : FOUN

CFCODED BETA

WEIGHTS

REUSE DATA
NUM'R TVP2
VERBAL CL1
ORLER 1
DIVISION

SUP'S DATA
MIS'( DATA
LISTRACIOR
SFQUERT'L

NUM'R TYP1

MEMORY 1
ADVERBS
MEMORY 2
CONVERSION
DEPTE 2

ORDER 2
STEPS
NOUN : VERB
I RON: ADJTS
PRONOUNS

VERBAL (L2
OPERAZ'IONS
NOUNS
VERBS
ADIECTTV S

VERB:AI'VRB
HIFRARCHY
DECPTE 1
LENGTF
ZRON < NOUN

THE REGRKSSION RQUATION, THE

PARTTIAL CORR,

COEFFICIENT

MEMORY 1
MEMORY 2
ORDFR 1
DIVISION
ADVERBS

REUSE DATA
DISTRACTOR
NOUNS

NUM'R TYP2
VIFRBAL CL1

SUP'S DATA
PRONOUNS
SEQUENT'L
PRON : ADJTS
LENGTR

DEPTH 1
STEPS
OFPERATIONS
NUM'R TYP1
ORDER 2

NOUR : VERB
MIS'G DATA
ADJECTIVES
HIERARCHY
VERBAL CL2

DFEFPTH 2
VERBS

VERB :ADVEB
CONVERSION
PRON : NOUN




TABLE 17

REZRESSICN COEFFICIENTS, STANDARD ERRORS

AND R-SQUARED DPOP CAUSED BY THE REMOVATL, O
TUEN FOR OBJECTIVE S ( 172 PROBLEMS » AND

VARIABLE

AF W DR O

oA e+ BN B o))

12
13

14
15

i6
17
18
19
20

21
22
23
24
25

26
27
28
29
30

CONSTANT
OPERAZIONS
DIvIision
HIERARCHY
NV

LENGTH

DLFYH 1
DEPTH 2
VEEBS
ADJECTIVES
NOUNS

ADVERBS

NOJNS :VERBS
HNOUNS :ADIZCTIVES
PRONOUNS 1 lioUHIS

VENBS :ADVERBS
SEQUFNTIAL
ARDER 1
ORDER 2
VEEBAL CLUE 1

VERBAL CLUE 2
DISTRACTORS
SUPERFLUOUS DATA
MISSING DATA
REUSED DATA

NUMBER TYPL 1.
NUMBER TYFPE 2
COIVERSICN
MEMORY 1
MEMORY 2

RECRESSZON
COEFFICIENT

T7.87372
=4,2436
29,4227
=0.7129
1.72142
0.0%00

-(,1096
=-15.4948
9.1322
0,0000
-4,5618

15,5051
8.5458
30,5615
=7.2293
-127.5630

~0,7102
-9.5372
26,405y

1.2532
28,9320

4.6386
8.9944
~8.7774
28.3436
31,9389

=11.7147
62.8473
15,5708
12,5833
28,6438

STANDARD
FRROR

0.2949
15,0388
4,6566
0.0009
2.2356

7.3277
7.3464
7.6996
3.0029
90,595

3.9182
12,5878
16.0919

1.2653
16,9363

7.2309
9,426y
17,2760
23.1524
19.8707

15,5997
18.98C60
246403
7.188€
5.7153

CONPUTFED T=VALUES
F FACF VARIABLE IV

30 VARIARLE)

COMPUTFED
T-VALUR

-0,977¢
2.0342
=0, 4655
V.2029
1.0000

~0.3717
-1,0303
1.9611
1.0000
-1,9532

1,9R858
1.1633
1.1237
=-2.4075
-1.4065

-0.1812
-0,7R5hR
1.8400
0,1353
1.7673

=-0.7510
343242
0.6877
31,7505
5.0117

D
QD

0.001¢
0.0080
c.oocy
7.0001
£,0000

n.00e3
0.0021
00,0070
0,0000
0.0046

0.0048
0,0027
0,0037
0.0050
0,003¢@

0.0001
G.C011
0.7053
0.7199
0,.0061

€.0008
0.n0917
0.0005
0.0029
0.0050

0,.0C10
0.02158
0.0010
0.5059
0.,0439




30

27
11
21

18
2u
14

29

20
7

ne
dor

25
10

8
13
{ 17
26
15

12
28
: 23
} 3
6
| I
16
28

5

9

TABLE 18

SEQULNTIAL AFPEARANCE OI' TKE VARIARLES INTu THE
SGEESSION EQUATIOR FOR OEJECYIVE S. ALSC SHOWH
ARE THE MULTIPLE R, R-SQUARED, AND THE INCPEASE
IN R-SQUARED (172 PROBLEMS, AED 30 VARIABILS

VARIAELE

MEMORY 2
OPERATRICNS
NUMSLR TYPF 2
ADVERLS
VERBAL CLUY" 2

ORDER 1
MISSING . ATA

NOUES 1 ADJECTIVES

DIVISIOR
MEMCRY 1

VERBAL CLUE 1
DEPTH 2
DISTRACTORS
REUSEDR DATA
NOUNS

VFRES
NOUNS : VERBS
SEQIENTIAL
NUMGER TYPE 1
FRONOUNS : NOUNS

PRONOUNS
CONVFRSICK
SUPERFILUOUS DAT4
HIFRARCHY

DEPIH 1

STEFS
VERBS:ADJCCTIVES
ORDIR 2

LENGTH
ADJECTIVES

MULTIPLE
K

0.E5632
0,7336
0.7044
0.7902
0.8067

0.2164
0.5226
0.,8263
0.8095
0.8234

O OO OO

o o
W OO
£ ) L W W

e o o

0.841Yy
q.0u353
0.3yt
0.8451
0.8457

0.8468
0.547y
0.8479
0.6482
0.8u483

R

SQUARED

0.43668
0.53e2
0.5843
0.6240
0.6508

0.6€665
0.6767
€.6328
0.6881
0.6946

€.6979
0.700¢
0.702y
0.7043
€¢.705¢

0.71%x9
0.7394
0.739¢6

0.719¢
D.719¢
0,7200
¢.7200
0.7200

INCREAST
IN RSG

C.4667
0.0744
0.0u¢s
0.0401
0.0263

¢.0157
0.0:392
0,00C1
0.,00%3
0.0065

OO0 O O
.

O OO OO

DOO OO

2 e O g

(£, 3¢ s DS  UN A BN 5}

o o o

0.0C22
0.0932
€¢.0019
0,0012
0.0010

0.0019
0.v01¢
0.0C08%
0,000
0.0002

0.00%2
0.,0001
0.0061
0.00Go
0.0006
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TABIE 20

ORDEE OF IMNPORTAICE OF THE 30 STRUCTURAL VARIARLES AS
KNFASURED BY FOUR CRITERIA OF INFORTANCE. THE FIRST oF
THESE IS THE CRITERION OF IMPORTANCE AS MFASURED BY
THE DEFINITION, THE SECCND IS THE ORDER OF APPEARANCE
OF THE VARIABLES INTO THF REGRESSION EQUATION, THE
THIRD, BY THE DECCDED BETA WEIGHTS, AMD THE FOURTH
BY THE SIZE OF THE PARTIAL COREELATION COEFFT CIENT
(VAPIABLYS HAVE BEEN ABEREVIATED)

DEFINITION OF ORDER OF
OF IMPORTANCE

DECOJFD BETA
CPELRANCE WEIGHT.

PARTIAL CCRH.
QOCFFICIENT

JKTER 2
HEWORY 2
NUK'R £YP2
NIVISION
VERBS

ADVERBS
VERBAL CL1
MEMORY 1
ORDER 1
PRON:ADJTS

REUCE DATA
Rouns

RO : iOUN
NOUN : VERB
MIS'G DATA

PRONOUNS
DEPTH 2
OFERATIORS
DISTRACTOR

SEQUENT'L

NUX'R TYP1
CONVERS: 0N
VEREAL CL2
SUF'S DATA
HIERARCZY

DEPTH 1
STEPS

VERB : ADVEDB
LERGTH
ADJECTIVES

MEFMORY 2
OFERATIONS
NUM'R TYP?
ADVERBS
VERBAL (L2

ORDER 1
MIS'G DATA
PRON:ADJTS
DIivISION
MEMORY 1

VFREAL CI1
DEPZTH 2
DISTRACIOR
REUSE DATA
FGLLS

VERBS
EQUN : VERE
SEQUR:T'L
WU TY:
PEOH : H0UN

PRONOULS
CONVERZION
SUL'E DATA
HIERARCHY
DEPIH 1

STEPS

VERZ :ADVRR
{ORDER 2
SEICTH
ADJECTIVES

MEPCRY 2
VEEBS
NOURS
MEMORY 1
MUM'R TYE2

ADVERBS
PFON :ADJTS
DIVISION
PRON : 1oyn
HNCUN : VERB

PROEOIHS
ORDER 1
REYSE LATA
VERBAL Cr.1
MIS*G DET4

OPERATIOKS
DEPTH 2

DISTRACTCE
CORVERSION
VERBAL CL?

NUM'R TYP1
DEPIY 1

SEQUENT'L
SUP'S DAL
HIERARCHEY

STEPS

VERE: ADVFB
ORDFR 2
LENCTH
ALJECTIVES

MEFHORY 2
OPERATIONS
NUM'R TYP2
ADVERBS
VERBAL (L2

ORDER 1
HIS'G DATA
MEMORY 1
PEON :ADJTS
DIVISION

VERBAI 0L
FOUN: VEEB
DEPTE 2
1F7BS
SEQUERT'L,

REJSE DATA
PrORGUNS
DISTRACICR
NCUNS
NUM'R TYP1

PRON:NCLT!
CORYERSIOHN
SUP'S DATA
HITRASCHY
DEPTH 1

STEPS

VERE : ADVRB
ORDFR 2
LINGTH
ADJZOTTVES




APPENDIX 2

COMPUTER ASSISTED PROBLEM SOLVING (CAPS) AT

GOLDEN WEST COLLEGE

ANGELO SEGALLA

The CAPS program was designed to augment the matbematics curriculum

at Golden West Collese. 1Its existence is a result of a metual interest

on fhe parts of the college adrinistration and the mathematics staff to

foster innovation in the learning process. CAPS was suppocrted by four (4)

general obiectives:

1. To appropriate the Computer in the curriculum as en innovztive

tooll

2. To provide instructors with ete chrenicle of cach sctudent's

path through the program reflecting his thought patterns on each word probltn;
3. To provide instructors with an item-anulysis option of each word

problem in the program; and
4. To identify and define structural variables for each problem in an

ef fort te predict the difficulty level of the problem (difficulty ievel

derived from regression analysis).

The CAPS program is in many ways similar fo the pioneering CAI work

conducted by Professor Suppes at Stanford University (Suppes, Jerman and

Bryan, 1968), but it does offer several importait differences, reflecting the

fact that it was coded independently of the Stanfoyd materials. The most obvious
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[/ ; Aruiext providea by enc ’

diiference is the language: CAPS wuas coded in APL, the Stanford program is

in BASIC. Further, the analysis funciions, the heart of the CAPS program,

seem to be a great deal more sophisticated in their ability to trap even the

most minute bits of response data, such as the number of seconds it takes

student T to accomplish step J in preblem K, and the exact steps he used

in achieving his answer. The purpose here is not to compare the two programs,

especially in view of the fact th t our knowledge of the Stanford materials is
limited to the information published by Professor Suppes and his associates, and

these publications usually do not refer to the internal workings of the programs.

HARDIARE
The probicms in CAPS are presented to and solved by students via TBM 2741
terminals located in the Multi-Media Center and the Math-Science building at
Golden West Coilege. Thirty~four (34) terminals are available to students
daily from eight a.m. to ten p.m. The terminals are hardwired to an IBM 370/155
computer located ten miles away at Orange Coast College, Costa Mesa, California.
Orange Coast College is the "sister" college to Golden West, and both comprise

the Coast Community College District.

SOFTWARE
The CAPS program is coded in APL, a new, interactive language, highly
mathematically oriented, yet readily adaptable to computer assisted instruction;
a spinoff not anticipated bv the creator of the language, Dr. Kenneth Iverson,
presently with IBM. Mr. John R. Clatk, CAI consultant to the Coast Community
College District, coded'the functions with direccion from the author. Fﬂ%uretl

dssptays 9 of the.thirty-six (36) functions used in the CAPS program.

-




(1)
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.33
fu]
fol
(6]
£71]
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(o
f.10]
(111
[123
[13]
f14]

[15]
[16]
£17]
f18]
[19]
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]

LR o ESA
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VCAPS[INW

CAPS XZ3¥;LCH ;0;H1;H2;H3

+10%1" 23=H,000410

+iix1gf1d=

INITTAL 1

»6x1W=0) 0

GO Alln0+0, TV 142+ 60 60 60 60 TI20]

S5

11

23

SAVENTSSLGE

0,0 k-"ALL THE PROBLEMS IN THIS SEYT HAVE BEE! ANSYERED. COME BACK
USXT WEESK VHEN THARRE IS A IFH SET OF CAFG !
+4x1(I29)=10L 1+70123456785"10[2 3 4 5 6 7]

'WARKTIG:  YOU ARE HOT SIGNRD Ol TO YOUR PROPTR NUi'BER®
H

PLEASE CALL THZ LAB ASSISTANT THMEDIATELY!!
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PREGTRIATION

The (4PS program has now been operational for three years, accummulating
a total of C020 on line studeat-hours. The program is used almost exclusively
by stndents «nrolled in Math 005, the remcdial mothoematics course at both

Golden Vest and Orange Coust Colleges.

There ave eight units in the CAPS program corresponding te the eight
chapters in the Math 005 syllabus. Fach unit consists of twenty (20) wornd
problems znd deals with rhe subject watter presented in class and on the audic—

tutori=l and video tapes. Thus all media are synchronized to present the came

concepts over the duration of two wceks.

A student who is ready to do the CAPS program for any one uunit reports
to the Hulti-Media Center or the computer room in the Math-Science Building,
signs ou to the computer and calls for the program appropriate to that unit.
The intcraction for any given problem is illustrated in Figure 2. Student
responses are 2luays preceded by the symbol "{J", called "quad." Everything
else is computer gencrated. In the first problem of Figure 2, the computer
typed everything up to the first quad. The student then typed B ~ C and
returned the carriage, giving control back to the computer. The latter in
turn responded with Df40. The student, in turn, typed C + B. This time
the computer came back with E©.2222345686. The student typed E x 1090; the
computer respeonded with F+'22.22325685. Note that the computer does not commit
itself to recognize the answer; the student must command it to recognize the

answer by typing a single letter followed by an asterisk (F*).

The forte cf the CAPS program is its ability to trap student responses and




Fig 2

15
A CALCOLO u00 DESK CALCULATOR dAS BZEN REDUCED FROM 179.99
T0 139.99 DOLLARS. WHAT IS TIE PERCENT CF DISCOUND?

A+ 409

B+ 179,99

C+ 139,99
0 s-¢C

D+ 4o
01 D:B

E+ 0,22223u45686
0O £x100

F« 22,22345686
0 F»
CORRECT
16

FIND 47 PERCENT OF 3u,

A+ 0,47
B+« 34
f d Ax8
, C+ 15,98
0 Ccx

FIRST RATE, YOU GOT THAT ONE

17
WiHAT IS .25 PZRCEZNT OF ,0157?

A+ 0,0025
; B+ 0,015
f ] AxB
C+ 3,75E" S
A

{ VERY GOOD , YOU GOT THAAT ONZ

18
| 37 PERCENT OF WHAT NUMBER IS 612

A« 0,37
‘ B+ 61
C+ 0
(J AxB
! D+ 22,57
; {J Dx

VEGATIVZ, YOU MIS3ED THIS ONE,




save them for analysis by still other functions in the software package,

For example, If the instructor wishes to see how student I performed on
problem J, the dyadic function "BREAKDOWN" gives him this information, ag
illustrated in Figure 3, where I=1 and J=15. The computer immediately types

the information upon receiving the command " 1 BREAKDOWN 15."

1 BREAXDOWN 15

Fuy 3 STEP 1 88 SEC BiC
e SPEP 2 118 SEC B-C
STEP 3 31 SEC - E+B
STEP 4 13 SEC F
TOTAL TIME 250 SEC CORRECT

The information in Figu;e 3 can e read as follows: "On problem #15, student
#1 took 88 seconds to decide on his first step toward his solution; that step
was B + C. (The computer assigned this resuit to the letter D, in other words,
D is the result of B + C.) After 118 seconds, the student typed B - C
(seemingly he changed his strategy), and the computer assigned this number to E.
Tt took 31 seconds for the student to commaﬁd the computer to calculate E + B,
which the computer called F. Finally, it took 13 seconds for the student to
decide F was the correct answer: He typed F*., Total time: 250 seconds, and

the answer was correct."

This is but one of the varied analysis functions performed by the CAPS program.
As an example, consider the display in Figure 4. By typing "ANALYSIS 23" the

instructor is able to item analyze problem #23 in quite a lot of detail. This
function first types the number and responses of students who answered question
#23 incorrectly. Then it types the entire groups' responses. The time vectors

(these are two digit symbols in BASE 60) are not translated by this function.
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3004 @D’*'C Q—F@E@r\ 4 1w ntudded sood d) Avdicse  §Yudin G Feoo
917 c/A-B+CcTDy —T = Yes powcled u\urreré/7 respomeled correcddy
218 coCh
5051 coB 4y
"0NE6 ciCtFclI-1cudy
. 5000 2 2 12 35 1 2 1 c,B+CeKD-Ac,]
5001 2 2 16 28 1 2 1 eLB+Cc\D-4c ukb
5002 1 0 0 0 0 0 0
5004 2 2 61 g5 C 2 1 Po2B+Cc _A-Dc ,EASEL/%n/%01K9
5011 1 2 23 43 1 2 1 cl(B+C)-AcaDb
5012 2 2 13 28 1 2 1 clB+CeKl-AcLED
5017 1 2 10 15 0 2 2 c/h-B+CeTDA
5018 0 0 19 1€ 0 0 5 coCh
5026 2 -1 33 56 1 1 2 c\u0c]Ip-Ac/ED
5029 2 2 27 49 1 2 1 cwB+Call-Ac| kb
5030 2 2 29 46 1 2 1 cpb+(CeXD-Ac| EDP
5031 2 2 12 32 1 2 1 c,B+CeKD-Ac\Eb
5037 2 2 12 21 1 2 1 c,B+CcTD-AcLED
S50u2 3 3 23 38 1 2 1 clLB+Ccl A-Dc| D-AcuFD
5044 3 2 29 78 1 2 1 cpB+Cc,D-Ac:0c~ED
5050 1 0 24 32 1 0 5 c[15¢c:pp
5051 0 0 . 34 34 0 0 5 coBA
5052 1 i 16 20 1 1 2 ceL40-Ac1Db
5053 3 3 52 83 1 2 1 C <B+CeLA-DcKD~Ac1FD
- 5054 2 2 20 36 -1 2 1 <AB+Cc,D-AcL1EDb
i 5057 3 3 12 30 1 3 3 c.UBxc| B+Cc| D-4c| EP
" 5060 1 2 13 18 1 2 1 clB+C-AcTDb
. 5126 1 1 35 38 1 1 2 cx40-25culp
I 5065 2 2 42 57 1 2 1 T¢B+CcKD-Ac1ED
i 5066 2 2 7 24 0 2 1 CiCHFPciI-1cudA
5067 2 2 7 21 1 2 1 c:C+Bc:D-AcED
5070 1 0 43 49 1 0 5 cpisc| pp
5071 2 2 64 79 1 2 1 >1B+CeXD~-AcLED
5074 1 0 50 Sy 1 0 5 c’15c1pb
5081 2 2 37 53 1 2 1 c+B+Cc,D-AcLE}
5100 2 2 1% 35 1 2 1 clB+CcXD-Ac\ED
5128 1 0 18 22 1 0 5 c'15c1pp
5137 2 2 12 30 1 2 1 c,B+CciD-Ac1ED
5140 6 6 48 26U 1 2 2 ciB-Ac,A-Cn@D+EcDA+BciB+CcXH-/
5142 2 2 8 20 1 2 1 ‘€:B+CciD-AcLED
OK? [ES STEPS  operandws  Comp  TOTAL R-w NOMBER Fiesiof
TiE TIME el —OF. DirfeRENT ¢ AT
- opEasTions | 234 ‘
QUESTION 23 |
&> Tormhls. '

{

]

j

6. 60 876 1582 29 sy g5 «—
1.852341176 1.764705882 25.76470568 46,52941176 0.8529411765 1.588235294

w7
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Aruitoxt provided by Eic:

Thus, the steps for student 5004 were: B + Ci £ = D5 and E: He did not

answer Lhis question correctly.  Student 5000, on the other hand, answered

correctly and typed: B + C; D - A; and E. This function further gives the

totals, averages, and other descriptive statistics not shown in Figure 4,
1f the instructor wishes to find out how any one student has performed, he
may type " FIND J ", (See Figure 5.) This analysis 'cross-sections" the

problems.

The CAPS program contains other functions designed for even closer analysis,

but time and space do not allow a full discussion here,
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FIND 1

1555000, ~
5¢B:1Covi-Cct:BcIFd
c>AxBo>CH

coB3zAnbAixBctDd

C(Bx.-‘;cfc(b

224 XBeclCd

c[BxAc;Cd

c2A:Bca3xAc|Dy
24.005ch+3c )2 :CcellSTORPcDF LS . va, V01,0
c+Ci4clDd

v+Bxhn*A:Bc: DY
c/BxAc_CA.G
cwAxAc|BxBciD+Ec[CxFecTCGA
5E.35>+[JJAxBcAAXB

FIND 2
|555001,
ciAxBeclCd
crA+Bc:CA
cGH-c4D:lc: B
cpAx3c]B+Cc|DY
clAx3cA+CcLD)
2\AxCclDA
c!C:AcLDd
cfiC.10c+AxCc:A+DcLF)
5cAxBclCo
cPAXBc/A+CcVD-AcEd
c)Ax3cTCh
crA+BcoxPc[D+EcTFA
oMAxCe~AxDc CxFc,F-GecoH A
c\AxBood-DcB30c[E+Fc|Go-
cCD+CclLEA
cSA-Bc(B-AD:A+DciEA
c_xBe\Co

FIND 3
155002]¢
c+xBc/A+Cc ;DA
noCxAcyC-cHE}
c\BxAcecCd
clAxBeTCd
>38%c1¥-Cec>BsEc]Fp
cBBxAc[B+CciDp
VWA +Cu,A-CcAC:E>;AtEc'GY)
UYAx,10cwA+Cc DY
c(BxAclCo
2:1AxBec]Co
nfAx4c(C
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Examples of Computer Assisted Instruetion Programs At
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THE SEGALLA MODEL FOR RELATING .
THE COMPUTER TO MATHEMATICS INSTRUCTION
Both Orange Coast College and Golden West Colilege have integrated
APL into the mathematics curriculum following a model developed by

Professor Angelo Segalla.

ANALYSIS |[The computer as a
(CAI) CALCULUS tool to aid the

The — discovery of
computer as ALGEBRA mathematic
an instructional ARITHMETIC (APL)~
device.

As a student advances through the mathematics curriculum, the use
of CAI segments diminishes, but student use of the couwputer as a tool,
incréases. Special classes have been added to the curriculum which
parallel the classes in Algebra and Calculus. These classes introduce
the student to the CAI segments available for the subject. And, also
to techniques of programtng in APL.

Using this model, it is possible for the instructors to concentrate
their CAI developments at the lower levels of mathematics where most of
the students are; a;d, where the best chance of cost effectiveness is.
Still, they are able to provide enrichment opportunities for more
advanced students,

It is héped that with instruction in APL programing, the student will
be able to "discover" mathematics. The diséovery method, while
theoretically sound, has in general failed, due to the computational
work involved. The student who has mastered APL will find that calcu-
lations are no longer a hinderance and should, in a symbiotic relationship

with the computer, actually be able to do some real discoverv oriented

learning.

>y




The attached terminal printouts represent simulated Student Terminal
Sessions. They provide examples of the variety of CAI segments used in
the Coast Community College District. Each Segment presupposes some
advance preparation on the part of the student. Most of the printouts
do not include the initial interaction in which the student may obtain
specific instruction on the control of the segment. In each segment
the student input is underlined. ;

MEDTERMS

A drill-and-practice segment dealing with medical terminology and the
meanings of commonly used medical prefixes. Questions and choices may
be presented randomly. A retort is given for each student choice. A
series of 20 similar segments have been developed which use a computer-
driven Microfiche Projector.

SPANISH

A comprehensive series of instructional segments covering the whole of
Spanish grammar, including the formation of all verb tenses; gender,
Plural and uses of nouns, pronouns, adjectives and articles; uses of
adverbs, prepositions, and verbs; language syntax and other items related
to Spanish sentence strategies. The series includes a 3,000 word
vocabulary and approximately 200 idioms. The organizational format
follows that of "Foundation Course in Spanish" by Turk and Espinosa.
There are 193 ségments providing 100 hours of instruction. Eleven hundred
(1,100) student hours tesulted frem 1,200 student contacts during the

Fall semester.

MODIFIERS

A tutorial program in English which requires the student to find and
reposition a misplaced modifier in a sentence. There are 30 segments
providing 21 hours of English instruction in such areas as spelling,
paragraph coherence, sentence fragments, modifiers, transitions and
often confuszd words. Eleven hundred (1,100) student hours resulted
from 1,300 student contacts during .the Fall semester.

PROBLEM

One of a series of segments which present word problems, and allows

the student several options in its solution. The student may supply the
solution, request more data, or enter an analysis mode in which he is
asked to perform in a manner similar to what he would in an office
session with an instructor. For this example the instructions, a problem
and a series of analysis steps are shown. The Software for this segment
is suitable for use with Physics, Chemistry, or other subjects using

word problems. .

LIMIT

A segment designed to help a Calculus student with delta-epsilon limit
proofs for polynomial functions. This is the First of a series of
segments devoted to Timits and 1imit proofs. The student has the option
in this segment of requesting the proof and an explanation of any step
in the proof. The student inputs the coefficients of the polynomial of
his choice and the point where the Timit is to be evaluated.




SUPERGRAPH

One of a series of plotting routines designed to aid the student in
the discovery of mathematical relationships. The student may choose
the function to be plotted and the domain of evaluation. Included in
this workspace are routines to provide polar and parametric plots as
well as routines to locate the real zeros of the function.

ZPLOT

A segment which visually displays complex roots and multiple roots. The
student may use standard textbook notation for defining the function.

By observing the function as the junction of various regions, the zeros
may be obtained. In this example, a multiple root occurs at 4, real

roots occur at -3.1 and -0.8, and complex roots of (1#1.57) and (4.743.51)

Other segments in this workspace will locate the zeros to a higher degree
of accuracy.

LEASTFIT

A physics workspace used for analysis of experimenta! data. In this
example the student receives both descriptive statistics and a histo-
gram comparing his data with a theoretical Gaussian Distribution having
the same mean and standard deviation. The * printed in this Histogram
represents points through which the normal curve would pass. Included
in this workspace are other curve-fitting and analysis routines.

ELECTRONICS

A simulation segment which provides the student an opportunity to
trouble-shoot a randomly generated failure in a given circuit. The
student is given the symptoms of the failure and has the opportunity
to test and/or replace various components at his descresion. The
trouble persists until the failing component is replaced.

)
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4. WHICH PREFIX MEANS 'HEART'?

CEPHAL-
CONTRA~
CARDIA-
CHOL-

0: cArDIA

CORRECT-THAT WAS CLOSE! AS USED IN CARDIOGRAM WHICH IS A TRACING OF HEART
FHYTHM AND PATTERN. PROCEED TO NEXT ITEM.

S. FHICH OF THE FOLLOWING PREFIXES DENOTES A 'BLOOD VESSEL'?

CEPHAL-
CHOLE-
BRADY~
ANA-
ANGIO-

(s AvA

NO, NO! ANA- MEANS TO 'RENEW OR UNITE' AS IN ANASTOMOSIS WHICH MEANS A JOINING
OF TWO VESSELS OR NERVES. TRY AGAIN.

(: BrADY

INCORRECT! BRADY- MEANS 'SLOW' AS IN BRADYCARDIA WHICH MEANS SLOW HEART.
TRY AGAIN.

M: ANa
YOU HAVE MADE THIS CHOICE BEFORE
(0:  aAwGro

CORRECT! AS IN ANGIQSPASM, WHICH MEANS A SPASMODIC CONTRACTION OF BLOOD
VESSELS. PLEASE CONTINUE.

6. WHICH PREFIX MEANS 'AGAINST'?

BRADY-
CON-
BI-
ANTI-
CLEIDO-

(: _CONTRA

YOU MUST CHOOSE ONE OF THE ABOVE CHOICES
0: _ANTT

HOW NICE! AS IN ANTIBIOTIC, WHICH IS A SUBSTANCE AGAINST VACTERIAL LIFE.
PLEASE CONTINUE, :

7. WHICH PREFIX MEANS 'CARTILAGE'? -

CEPHAL~
0STEO-

CARDIA-
CHOL~

CCHONDRA= —— -~ e e Ll

o4
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PLEASE NOTE

®«eeves. JJHE SMALL CIRCLE IS USED 70O INDICATE TNCORRECT SPELLING,

EX.: TRIAL MISPELLED = TRIoIL,

Yeooooo o JJHE ARROW POINTS TO INCORRECT PUNCTUATION.
EX.: ME LLAMO PEPEY (NO PERIOD).

T EX.TLAPIZ  MAYANA

WHICH SECTION DO YOU WANT?... 5

GIVE Il SPANISH. DON'T USE THE SUBJECT PRONOURS .

WE SPEND A SHORT TIME HERE EVERY DAY.

?ves GASTAMOS UN 22222 AQUI TODOS LOS DIAS.

0/Socoo0 [JN oooo AQUe TODOS ILOS DoAS .,

WE SPEND A SHORT TIME HERE EVERY DAY.

?... PASAMOS UN RATO AQUL TODOS LOS DIAS,

!ESC ES!

WHAT TIME IS IT?
?... QUE HORA ES?
YQUE HORA ES?

WHAT TIME IS IT?
?.v. ?2QUE HORA ES?
THAT'S CORRECT

I HAVE A LOT OF TINE TO STUDY.
?... HELP

DICK, HOW ABOUT:

TENGO MUCHO TIEMPO PARA ESTUDIAR.

I'M NOT GOING WITH MY MAMA THIS TIME.
2.00 MO VoY con MI MAMA ESTA VEZ.

!BRAVISIMO!

I GO TWO TIMES EVERY WEEK.
?... YOY DOS TIEMPOS CADA SEMANA.
VOY DOS ocooo CADA SEMANA.

I GO TWO TIMES EVERY WEEK.
?... YOY DOS VECES CADA SEMANA.
{ESO ES!

DO YOU ALWAYS ARRIVE ON TIME?
?... Stop

OK DICK. WE'LL STOP HERE FOR NOW,

DO YOU WANT TO SEE THE SCORE BOARD?.. SL

LESSON
TIME

PROBLEMS TRIED
ANSWERED CORRECTLY

—

= o
I
|
|
I
|
I

<+« .UNDERLINE LETTERS THAT NEED AN ACCENT OR TILDE.

TOMORROW ~ MAJANA

MANY MUY
MANY  ACHO.
**ANSWER: MANY-MUCHOS

NORTH AMERICAN  AMERICANO
NORTH AMERICAN  NORTEAMERICANO

IN THE AFTERNOON (HOUR GIVEN)
DE LA TARDE

MANY  MUCHOS

TIME LA VEZ _
TIME LA HORA

POEER

CHARLES  CARLO

CHARLES  CARLO

**ANSWER: CHARLES-CARLOS
URUGUAY  EL URUGUAY
THERE IS  HAY

CHARLES  CARLOS

SON  SToP

oy

-- 2
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boolt 20UV wot sk SOLD 10 STUDENTS CONTAINING MORE THAN 3.2 PERCENT ALCOHOL.

TYPE THE FIRST AND LAST WORDS OF THE MISPLACED MODIFIER.
0

SOLD STUDENTS

NO, DICK, YOU HAVEN'T GOT THE RIGHT MODIFIER *%xwx
TRY AGAIN.

@
CONTAINING ALCOHOL

GOOD, YOU HAVE IDENTIFIED THE MODIFIER.

WHEKE SHOULD 'CONTAINING MORE THAN 3.2 PERCENT ALCOHOL'
BE POSITIONED IN THE SENTENCE?

M}

BEERA

BEER CON:CAINING MORE THAN 3.2 PERCENT ALCOHOL SHOULD NOT BE SOLD TO STUDENTS .
VERY GOOD, DICK, ON TC THE NEXT QUESTION, '

SHE WORE A F(BBON IN HER KAIR WHICH WAS A LIGHT PINK.

TYPE THE FIRST AND LAST WORDS OF THE MISPLACED MODIFIER.
0

WHICH PINK

GOOD, YOU HAVE IDLNTIFIED THE MODIFIER.

WHERE SHOULD 'WHICH WAS A LIGHT PINK'
BE POSITIONED Il YHE SENTENCE?

o

SHEA

SHE WHICH WAS A LIGHT PINK WORE A RIBBON IN HER HAIR.

N0, DICK, THE PROBLEM WITH THE SENTENCE IS THAT HER HATIR APPEARS TO BE 'LIGHT
PINK' WHEN THIS SNHOULD BE A DESCRTPTION OF WHAT? TRY AGAIN.

WHERE SHOULD 'WHICH WAS A LIGET PINK'
BE POSITIONED IN THE SENTENCE?
W

RIBBONA

SHE WORE_ 4 RIBBON. WHICH. HAS A LIGH" BTN TN- PRt AT — o
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.. J310s5y
051) 21.41.49 10/20/72 P510CC

AP L\N370

J)LOAD 1234 PROBLEM
SAVED 21.35,51 10/20/72

GO

IN THIS WORKSPACE YOU WILL BE PRESENTED A PROBLEM, YOU MAY CHOOSE TO
ANSWER THE PROBLEM DIRECTLY, OR BE ASKED KEY QUESTIONS ABOUT IT.

THERE ARE FOUR DIFFERENT MODES BY WHICH YOU MAY USE THE TERMINAL
IN SOLVING THRE PROBLEM.

SOLUTION MODE TYPE THE LETTER S FOLLOWED BY THE NUMBER THAT You
------ BELIEVE TO BE THE SOLUTION OF THE PROBLEM.

HINT MODE TYPE THE LETTER H AND I WILL PROVIDE YOU WITH A HINT
Tttt ABOUT THE SOLUTION OF THE PROBLEM, IF YOU TYPE  HS

I WILL PROVIDE YOU WITH THE SOLUTIION, BUT THIS WILL COST
YOU 100 POINTS.

INQUIRY MODE TYPE THE LETTER I FOLLOWED BY ONE OF THE LETTERS
- - BELOW TO OBTAIN THE FOLLOWING INFORMATION:

D -- DEFINITION OF TERMS USED IN THE PROBLEM

bp -- DIRECT DATA INVOLVED IN THE PROBLEM

ID =~  INDIRECT DATA INVOLVED IN THE PROBLEM

E -- THE EQUATION FOR THE SOLUTION

c -- THE CONCEPT INVOLVED IN THE PROBLEM

U -- THE UNKNOWN INVOLVED IN THE PROBLEM

F ==  ANY SPECIAL FORMULAE NEEDED FOR THE SOLUTION

ANALYSIS MODE TYPE THE LETTER A AND I WILL ASK YOU THE QUESTIONS

. YOU SHOULD ASK YOURSELF AS YOU ATTEMPT TO SOLVE THE
PROBLEM

YOU MAY REQUEST THE CALCULATOR MODE BY TYPING THE LETTER ¢

THE CALCULATOR MODE ASSISTS YOU IN YOUR CALCULATIONS. TO EXIT THIS MODE
YOU SHOULD TYPE THE WORD END

YOU START EACH PROBLEM WITH 100 POINTS. WHEN YOU ASK FOR ANY MODE OTHER
THAN THE SOLUTION OR CALCULATOR MODE, I MAY SUBTRACT POINTS FOR THE HELP

I GIVE YOU, 1IN THE ANALYSIS MODE I WILL NOT SUBTRACT POINTS IF YOU ANSWER
MY QUESTIONS CORRECTLY.

YOUR SOLUTION MUST BE CORRECT IN THE SOLUTION MODE BEFORE YOU ARE ALLOWED
TO ADVANCE TO THE NEXT PROBLEM. :

TO STOP THIS PROGRAM, TYPE THE WORD STOP

GOOD LUCK ON YOUR PROBLEMS!




HOH MARY GALLONS OF RRANDY CONTATHIPNA 4o PEPCERT ALCOROY

(80 PPOOF) “HOULD RE ADDPFD TO 100 GALLONS OF JINS CONTATEING
12 PERCENT ALCHOL TO PRODUCE Al INPOXICATING royrracr

YHTCH HAS 20 PPPCEPT ALCONOL (uo bpogr)?

WEEN TPE SYMBOL 8 APPEAPS YOU MAY T7prp YOUR MODE CHOICF, I WIILL
ALWAYS FETURN TO THE ['ODF CUMOICF STATUS Fac:i prre,

. A ‘
IF X IS THF NUMR®P OF GALLONS OF RPAIDY, YPITE AN EXPRPESSTON ITRVvoLvInNG
X WREICH IS FOUTVALENT TO THE WUMATR OF GALLOMS OF ALCOHOL I ™yp FRANDY,

§ Jux
NLLY GOOD

A
How MANY GALLCUS 0F ALCOHQL APT IN Tyr UrNre

§ 12
YOU ARE CORRECT 0N THIS PORTION OF T17 ANALYSIS .

10.3

A
ANEMBFRING THAT X IS THE DUMRPR OF GALLONS OF BPAADY, WPITE AN EXPRESSION
INVOLVING X YNICH EXPRESSED TH® HUMREP OF GALLONS OF TIFP RESULTING

i BFPVERAGE,

i X+100
; VERY GOoep
K]
i A
; WRITH AN EYPRISSION , INVOLVING ¥, WRICH# FXPIRGRTD TR AMOUNT OF
ALCOHOL IR TR PESULTING VREVERAGE.
f 2x (100 + X)
VeRY GOOD
. o)
E
A

YRITE AN EXPRESSTON, INVOLVING X, WPICH TS FOUIVALFNT T0O TH©
{ "UMBFP OF GALLONS OF ALCOHOL TN THE RPANDY PLUS THR NUMRTR OF
| GALLONS OF ALCONQI IN THR RpIne,

EXCELLENT
D)

} 3tu+2x,2X
, - A .

Wr ENOW THE TOTAL NUMRPR OF GALLONS OF ALCONOL I¥ THF BRANDY
AID IN THF WINT ADDED TOGETHFR TS TRUAL TO THP TOTAL NUMBER OF
GALLONS OF ALCOHOL Il THE RESULTING BRVERAGE, [IPITR AW TOUATION,
IHVOLVIPG X, WHICH EXPRFSSED THIS FACT.

12 + ,uX = ,2x(X+100)
;;;-L:;Y;QUR;;EQUA.'&L’Q¢".’,—::!'I:Af‘u‘;_:’hf!ﬁi',‘;sm'ME,':S',/.)J:M_'YL:Emm::!.':nm;;m:Q;‘M;r;mp:;;,mz;um;;n;_;n:nn‘z/;;;x:mg;1;1-.:;:::.1 - -
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_ LIMIT

THIS FUNCTION IS DESIGNED TO ASSISYT YOU IN WRITIIG 'A ¢' PROQOTS FOR
POLYNOMIALS. WHEN 'F(X)' APPEARS ENTZF THF COFRFICIDNTS AT PHE
POLYNO/MIAL. WHEN *X =+ ' APPEARS ENTEP TH® POINT THE DOMATN WYERE
THE LIMIT OF THE FUNCTION IS T0 BE FYALUATED,

F(X)=
(: _
10 242
X >
i
2

LT YXxy - 2X¥%x2 + 44X + 2 = 18
X+2

CHOOSE & < ¢ [/ 59 NWHEN 0 < ¢ < 59 D0 YO WANT PROOF? YES
PHE: €>0; 0<0<1l; F(X)=X%U4 - 2X*x2 + 4x + 2
A=23 L=18 HERE IS HOW TO TIND A A AS A TUNCTICYN N7 ¢ A<dle)
SUCH THAT
IF 0<|X - Al<a THEN |F(X) - L|<e

1)0 < |X - 2] < A 5 |[X*4 - 2¥%x2 + 44X + 2 - 18] < ¢

2)1 < X < 3 s | X*x4 - 2X%x2 ¢+ uY - 16| < ¢
3) [ X3 + 2X%2 + 2X + 8|x|X - 2| < ¢
)IX - 21 < € / |X%x3 '+ 2X%x2 + 2¥ + 8|

CHONSE A < € / 59 WHEN 0 < ¢ < 59 :
ENTER 0 OP THE LINFE NUMBER YOU WISH CLAPIFIFD
M:
e 3L
I SYEP 3 WE ARE EXPRESSING
|[F(X)-L| OR |X*4 - 2X%x2 + u4X - 16|, AS THF PPODUCT OF
|X-Al OR |X - 2| WHICH MUST FACTOR EVENLY INTO |F(X)-L|, AND ITS
COFACTOR: |(F(X)-L)/(X-A)| OR |X*3 + 2X%x2 + 2¥ + 8|

ENTER 0 OR THE LINE RUMBER YOU WISH CLAPITIED

I
e
IN STEP 2 WE ARE DETERMINING
THE DOMAIN OF X 3 THE CONSTANT IN PFP(X)-L=2-18="16

ENTER 0 OR THFE LINE NUMBER YOU WISH CLARIFIED
(i:
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SUPERGRARPH
INSTRUCTIONS? YES

YOU MAY ENTZR ANY EXPRESSION USING + - x %+ = | SIN COS TAN
AND I WILL PRODUCE A GRAPil OF THE ETXPRESSION. STAJDARD RULES
OF ALGEBRA ARE USED TO DETERMINE THX ORDER OF EVALUATION.

F(X) = ,5x|2X+]|2X+ul|
FOR WHAT VALUES OF X ARE WE TO EVALUATE THE FUNCTION
{:

STEP "4 y 5

10.0 | o
[
| o
[
| °
7.51
| °
[
| o
|
5.0 o
[
| o
[
| o
2.51
o o [.] o o o
[
I o o
[
0.0 I o I I I I I
y 2 0 2 y

DO YOU WANT A TABLE OF THE X AND F(X) VALUES? YES

Fr oy oy 8
L] L] L]
w wn wn

FWWNNRPRPRLPOODORRNMNDWWE
L ]
wn

* L ] * L ]
wn wn wn wn
CWONOUMEWNROMNNDODNON

[Y




JLOAD 1234 ZzZPLOT
SAVED 20.01.58 11714772

__2PLOT

F(X) = (EXP X - X SIN X){X%*2 -8X + 16)

WHAT IS THE DOMAIN OF TIE REAL VALUES?
0:
STEP "5 ¢ ,2
WHAT IS THE DOMAIN OF THE IMAGINARY VALUES?
0.

STEP "2 5 .25

[====== NNV 277707 MNMNL LV 7777720
[====== NN\ 277777-00--- \\\\\IIIIII/////----\\
[======- NN\ 277777----- M\ 127777 ---\\\
[/===-=-= M\ 277777----- MNNNNNELEE27777---\\\
[[==---= NNV 27777------ NN\ Z27777---\\
AREEEEE NN\ 777777----- NN\ 277777--\11
[/]====-=- NN\ 27777----- \\\\\lI|||//////////l////
[1/-==--- NN\ 27777 --- NNNNVULLL277777770271777
[//-=--=-= M\ 77777----- MNNNVULL/77777777777777
11//=--==- \\\\\\III||!/////----\\\\\|IiII//////////////-
[1]]-=-===- NNV 7777====\N\\NUUVVNLZ77277777=-=
11177-----~ MNNNNNVELIVEZ 777 e = \N\N\NSVULNZ777777 7%= -
11177---=-=- MNNNNNVLEE 72777 -<=\N\\NUULN V27777777 -
1177117-=-=-=- MNNNNTHVEEL2 777 ==<\\NUULLNN 277777 ==m e -
11177)----=-~ MNNNNNULELE/27227-=\NNUUN UL 27777 7%= m e
1111717/-----~ MNNNNNVEEEEY 22720V VU0V 777 =2 m e == VAN
117717777 ~==--- NNNNNNNEVEVEZ 272777000007 7777 == = <\ AN
11771177)-=---- MNNNNNNUEEEEZ7727700 0001177777 7= A\ NN
11771117177 ----- NNSYNNNEVVLZ 77000000 00722777--\\ANT L
//////////--~~\\\\\\\\l|||I///IIIIIIII///////-\II!IIIIII
VVVVVVVVVVAAAAAAAAAAAAVVVVYVVVVVVV VY VY VV VY VYVOVY VYV Y Vv Y
FEETETEE T INNAN == e e e LITITVUVNEL T2 2260 VLNV LIN=777771117
PEETETTE TN\~ == e LILELIVVLII7720 877V VNV INN====77717177
FEETETTINNAN N (=== e e LETTTVIVELZ777777 V1] INAN === ===
FETTTETINANAN === e e /////II||I|////////i3|||\\\\ -------
FEETEE TN\ == - et LLLITTUVINN 2777777 T EEEINANAAN === -
I||||I\\\\\\\----r-/////IIlll\\---/////llI|l|\\\\\\\----
FETTTENNANN === - LLLTTTTEVINNN===7 7777211 11T TN
FETTINANANN == LETTTVEEEINNN==<=77777 11 EETT NN
+ + + + + + + 4 + + 4
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JLOAD 1234 LEASTFIT
11.55,38 12/12/72

SAVED

OOOO*OOOOOOOOOOOOOOOOOOOOOOOOOO*O
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
O*OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

* OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

$ $ $ $ 4 $
2.810 2.910 3,010 3.110 3.210 3.310

DO YOU WANT A TABLE OF VALUES?
INTERVAL CENTER FREQUENCY
2.21
2.86
2.91
2.96
3.01
3.06
3.11
3.16
3.21
3.26
3.31
3.36

YES

ORNWNOEWNDN R R

xE0

EXPECTED FREQUENCY
0.483131923y
0.9660180035
1.667516917
2,500424743
3.307342057
3.844173135
3.885170268
3.447080891
2.669859935
1,827862884
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TROUBLE _
DO YOU WANT INSTRUCTIONS? NO

NO AUDIO ON LOW BAND
NOISY AUDIO WEAR TOP OF HIGH BAND
SQUELLING ON HIGH BAND

a:
SIGNAL TUBE 3 PIN S
NO SIGNAL
{1:
VOLTAGE TUBE 3 PIN 5
-4.0 VOLTS
d:

REPLACE TUBE 3
***TROUBLE PERSISTSx*x%

0:

RESISTANCE RES 4
4y, 7M OHMS
n:

REPLACE CAP 13
®eeTROUBLE GONEe®ee
KANT ANOTHER PROBLEM? NO




v

624 INSTRUCTIONAL SEGMENTS
IN

37 SUBJECT AREAS

308 HOURS OF INSTRUCTION

DEVELOPED BY

85 DIFFERENT FACULTY MEMBERS

U

2000 STUDENTS
ACCUMULATED

20000 HOURS
DURING

21000 TERMINAL SESSIONS




SUBJECT AREA

ACCOUNTING
ALGEBRA
ANATOMY
ARITHMETIC
ART
BICLOGY
BUSINESS LAW
BUSINESS
CAl
CALCULUS
CHEMISTRY
COMPUTERS
ECONOMICS
ELECTRONICS
ENGINEER ING
ENGLISH
FINITE MATH
GEOGRAPHY
GEOLOGY
GEOMETRY
GERMAN
GRAPHIC ARTS
LIBRARY
LOGIC

MATH
MUSIC

PHOTOGRAPHY

PHYSICS
PLOTTING
POLICE SCI.
POLITIC SCI.
PSYCHOLOGY
SEC. SCI.
SLIDE RWLE
SPANISH
STATISTICS
TRIGONOMETRY
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TIME
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| :00
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| :30

| :30
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:20
:40
:30
| 1:25
2:40
9 .20
9 .00
2:00
3:50

630
99.30

2:15

.20
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WHY APL FOR CATI?

APL IS ANOTATION NOT A COMPUTER LANGUAGE,.

A, IT wAS DESIGNED TO CONVEY IDEAS IN THE CLASSROOM RATHER THAN DRIVE
A COMPUTER THROUGH CALCULATIONS.

B. THE COMPUTER IMPLEMENTATICN CLOSELY FOLLOWS THE NOTATION AND THEREFORE
IS NOT LIMITED BY THE HARDWARE CONCEPTS OF FIRST AND SECOND GENERATION
Von NEUMANN MACHINES.,

APL IS THE ONLY AVATLABLE TELEPROCESSING

SYSTEM THAT WILL SUPPORT THE CAI NEEDS OF

THE COMMUNITY COLLEGE,
A, TRILL & PRACTICE SEGMENTS.

B, PROBLEM SOLVING COMPUTATIGHAL MODE,
C. TUTORIAL WITH MULTIPLE BRANCHING,

Dy SIMILATION

APL IS THE RICHEST LANGUAGE. AVALLABLE.

A, THERE ARE OVER 70) PRIMITIVE FUNCTIONS AND 3 OPERATORS AS OPPOSED TO
LESS THAN-1/2 pozen PRIMITIVES For BASIC, FORTRAN etc.

B. EXTENSION OF DATA TYPES TO TEMSORS (SCALARS, VECTORS, MATRICES, ARRAYS
ETC,) ELIMINATES THE MEED FOR LOOPING IN MANY CASES AMD REDUCES THE
PROGRAMING TO SIMPLE DESCRIPTIONS OF THE PROBLEM.

APL SUPPNRTS THE CREATION OF SPECIALIZED
CAI LANGUAGES.

A FUNCTION CALL STRUCTURE ALLOWS FOR EASY COMMUNICATION AND TRANSFER OF
*DATA BETVEEN FUNCTIONS,




B,

C.

FuncTions wRITTEN FOR ONE C A I SEGMENT MAY BE EASILY COPIED
" AND USED FOR ANOTHER SEGMENT,

UNDER PROGRAM CONTROL, IT IS EASY TO TURN THE SYSTEM OVER TO
THE CALCULATOR MODE IF REQUESTED BY THE STUDENT,

APL ALSO SUPPORTS AND MEETS STUDENTS
NEEDS FOR A PROGRAMING LANGUAGE,

A,

B,
C.

THE LANGUAGE IS EASY TO LEARN,
STUDENT MAY PRETEST EACH STEP OF PROGRAM BEFORE ENTERING IT,

STUDENT IS NOT BOGGED DOWN WITH FLOWCHARTING, DATA STRUCTURES,
LOOPING TECHNIQUES, AND OTHER TRIVIA AND IS ALLOWED TO SOLVE
PROBLEMS IN A NATURAL WAY,

INPUT/DUTPUT 1S EASY TO HANDLE AND REQUIRES ONLY PRIMITIVE FUNCTIONS,
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